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FOREWORD

Forwarded herewith is bulletin No. 71 of the International Ice Patrol
describing the Patrol's services, ice observations and conditions during
the 1985 season.
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Introduction

This is the 71 st annual aircraft equipped with Side-
report of the International Ice Looking Airborne Radar (SLAR),
Patrol Service in the North operating from Gander,
Atlantic. It contains information Newfoundland. No U. S. Coast
on ice conditions and Ice Patrol Guard cutters were deployed as
operations for 1985. The U.S. surface patrol vessels this year.
Coast Guard conducts the There were 1,063 icebergs
International Ice Patrol Service in estimated south of 48ON this year,
the North Atlantic under the the traditional measure of the
provisions of Title 46, U.S. Code, severity of an liP season.
Sections 738, 738a through
738d; and the International Vice Admiral PA. Yost was
Convention for the Safety of Life Commander, Atlantic Area from
at Sea (SOLAS), 1974 the start of the 1985 season, 14
regulations 5-8. This service was March until its end on 29 August
initiated shortly after the sinking 1985. Commander Norman C.
of the RMS TITANIC on April 15, Edwards, Jr., U.S. Coast Guard,
1912. was Commander, International

Ice Patrol during the Ice Patrol

Commander, International season.

Ice Patrol under Commander,
Coast Guard Atlantic Area,
directed the International Ice
Patrol from offices located at
Groton, Connecticut. The unit
analyzes ice and environmental
data, prepares the daily ice
bulletins and facsimile charts, and
reples to any requests for special
ice Information. It also controls
the aerial Ice Reconnalsance
Detachment and any surface
patrol cutter when assigned,
both of which patrol the
southeastern, southern, a8d
soubhwestem litb of the Grand
Banks of Newfoundland fore ieerg. The Internationall ice
Patr makes twdaJ radio
broadcasts to warn mariners of
the Wills of iceberg distrbutlon.

Dudngthe 1985 seaon,
hownln l- Ice Patrol
wconnalmnce was conducted

by U. S. Coe Guard -C-130
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Summary of
Operations, 1985

From 14 March to 29 August officially cdosed on 29 August hydrographic equipment was
1985, the International Ice Patrol 1985. evaluated, and a joint I IP/USOG
(lIP), a unit of the U.S. Coast Research and Development
Guard, conducted the During the 1985 season, an Center study of surface craft and
International Ice Patrol Service, estimated 1,063 Icebergs drilled iceberg target detection
which has been provided south of 480N latitude. Tab~le 1 performance by the AN/APS-1 35
annuaily since the sinkin of the shows monthly estimates of the SLAR was conducted (Robe, et
RMS TITANIC on April 15, 1912. number of icebergs that crossed al., 1985). The NORTHWIND
During past years, Coast Guard 480N. hydrographic cruise was
ships and/or aircraft have canceled because of main diesel
patrolled the shipping lanes off No U. S. Coast Guard cutters engine problems on board
Newfoundland within the area were deployed to act as surface NORTH WIND.
delineated by 40ON - 520N, 39OW - patrol vessels this year. The
SlOW, detecting Icebergs and USCGC EVERGREEN and Other research conducted at lip3
warning mariners of these USCOC NORTH WIND were during 1985 included an analysis
hazards. During the 1985 Ice deployed to conduct of eddy formation in the vicinity of
Patrol season, Coast Guard HC- oceanographic research for the the Grand Banks (Appendix E),
130 aircraft flew 72 Ice Ice Patrol during the periods 10 an evaluation of icebergmshi
reconnaissance sorties logging April -10 May and 1 -9 August. SLAR targetdiscrimination
over 507fGght hours. The On board EVERGREEN, the lIP (Appendix B), and a comparison
ANWAPS-135 Side-Loking Iceberg drift and deterioration of ocean fronts detected on
Airborne Radar (SLAR), which models were evaluated (See National Weather Service satelte
was intoduced into Ice Patrol Appendices C and D), imagery and lIP SLAR imagery
duty during the 1983 season, (Appendix F).

agi proved to be an excellent al-ý TOMl 1. Icbergs South of 480North
weathe tool for the detection of
both icebergs and sea ice as Avg Total Avg Total 1
doemostated during the 1900-85 1900-85 1946-85 1946-85
BergSearch S4 experiment ....
(Roesiter, etal., 1984). On lIP OCT.. .. 112 5

NV1 121 0 15 11SLAR provided53 perceit of the 10. 121
19S5s3gtlng. JAN .... 2 196 2 76 2

Adeployment was made forom20- FE 1 9 1 9 7
25 February to determlnethe pre- ...MAR X. 42 3628' 38 1526 129

seaoriebergdistribudoft . P '110 047 "'; 4631. 20W
Basd on thistrip regularMA13 120 104 17 25
deployments started on12 March MY11 120 14 440

..ti1e~eenpnign ~ *. ......* 62$ 8 2W7 247
14 March. Fromth0 atde unl29 JUL 26 2.21-9 26 1023 123

ifiipistl~~s5,anaevlal........ .. ....... 8 263
Re~....n SEP 3 29 1.. 51.32

(ICERECDE1) opered from .n
Garder, Newbincimird one week
*Auof every two.The seabon Total 405 34974 368 14631 1063
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As explained in the 1984 Ice large numbers during good Table 3 - Aircraft
Patrol Bulletin (Thayer, 1984), the weather. These high-altitude Deployments from 10/1/84
methodology and technology of flights were much more frequent to 9/30/85
iceberg reconnaissance and data during 1985 than 1984. The Ice Reconnalsuim No. of
a na lysis have cha ng ed larg e num be r of U S C G visua l o t oclwnon H ours
significantly over the past 40 sightings on these flights, Deployments Flown
years. A change is evident in the togetherwiththechangeslin Preason 29.6
source distribution of iceberg reconnaissance procedures In-season 631.0
sightings in that SLAR accounted described below, greatly Post-season 11.3
for 78% of the USCG iceberg decreased the percentage of Total 671.9
sightings in 1984 (49% of USCG iceberg sightings that were Note: In-season IcErfights
sightings from all sources) but SLAR-only during 1985. Include tansi and logistcs flights to
only accounted for 53% of USCG and from Gander during the lbe Patrol
sightings in 1985 (13% of all Further evaluation of SLAR's s o A s l number
sightings) (Table 2). (An capablity confrmm its usefulness of lgiscfighw, 14 monies and 86.1
Increased emphasis on Icebergs in detecting icebergs (Robe, et hours were onduted. There were
by Canadian Atmospheic and aL, 1985) and the necessity for 72 sortie dedicated solely to ice
Environmental Service flights and specific SLAR iceberg reconnuisinco with a total of 507.8
an Increased contribution by the reconnaisnce procedures to flight hours. They are summarized as
commercial shipping community assist with bebergOa target follw:
accou nt fo r other chang es In the d isc iri ination (A ppendix B ). N un Oeir o f FRi h
overal figures.) With Icebergs Specific changes in SLAR Mot Be Ho,
more widely dispersed than r N riocedureswere FEB 4 23.6

normal during much of the 1985 made to maxhize visual MAR 5 38.7

lP se a son , it w a s frecque ntly o n ir mati n of S L A B ta rg ets a n d AY 15 107.5

necessary to search the eastern aid targ Identilicalon during JUN 13 87.3
part of the lP area. To conserve 1985. These changes consisted JUL 11 83.9
fuel durng these long searches, of selectling dally search areasfor AUG 11 75.7
high altitude legs w ere flow n to optim al visbliy, 8uijectlk SLA R SEP 1 5.3
and from the search areas. filim to more post4Ugtt analysis
Although SLAR was not operated and making more use of TOTAL 72 507.8
durn these high altude leA c npportingdatafrom other
icebergs could still be sighted in sources.

T a b le 2 - S e .ou r o f N P t a e R e p o r t , b y S h e.
ider %of

Sko h $*ng 5@uinIs Grewis NotMm Laws Target Tomi Tomi
Coast Guard 886 194 18 113 10 564 13.3
Cod tGuard Visual 60 155 177 107 0 409 11.8
Canadian SLAR 17 56 115 21 229 438 10.3
Canadian Visual 19 239 187 66 4 514 12.1
Commeralh Radar 7 30 114 33 124 308 7.3
Commercial Visual 122 300 806 279 15 1524 36.0
Mob il 01 C nad , LTD 12 81 96 1 8 18 227 5.4

g0 2 13 9 0 24 0.6
Other 4 52 47 26 5 136 3.2

Total 306 1109 1741 673 405 4234 100

4



Iceberg Reconnaissance
and Communications

During the 1985 Ice Patrol 130 aircraft were utlized Canadian Forces Radio Station
year (from 1 October 1984 excluisvely for aerial ice Mill cove/C FH, and U.S. Navy
through 30 Sepletembr1985), 98 reconnaissance, and HC-130 LCMP Broadcast Stations
aircraft sorties were flown in and HU-25A aircraft were used on Norfok/NAM; Thurso, Scotland;
support of the International Ice logistic flights. Table 3 (left) and Keflavik, Iceland.
Patrol. These incluided pro- shows aircraft utilization during
season flights, Ice observation the 1985 season. Canadian Forces Station
and logistics flights during the Mill Cove/CFH as well as AM
season, and post-season flights. During the 1984 season, Radio Station Bracknell/GFE,
Pro-season flights determined only 5% of the deployed days United Kingdom are
iceberg concentrations north of were spent on the ground In raifcilebroadcasting
480N, necessary to estimate the Gander. In 1985, this figure stations which used Ice Patrol
time when Icebergs would climb~ed to 14%. After an aircraft limits in their broadcasts.
threaten the North Atlantic mishap in Groton Canadian Coast Guard Radio
shipping lanes in the vicinity of in March, lip3 relied on a single Station St. John's/ VON provided
the Grand Banks of SLAR-equipped HC-1 30 forspca rdaa.
Newfoundland. During the active much of the 1985 season. The
season , ice observation flights Increased use of this one aircraft The International Ice Patrol
located the southwestern, and its SLAB resulted in an requested that all ships transitting
southern, and southeastern knits Increased nujrrierof the area of the Grand Barks
of icebergs. Logisaics flights were maintenance problems. report ice sightings, weather, arnd
necessary due to aircraft sea surface temp~eratures via U.S.
maintenance problems. Post- U.S. Coast Guard Coast Guard Communications
season fights were made to Communications Station Boston, Station Boston, NMF/NIK.
retrieve parts and equipment from Massachusetts, NMFINIK, was Response to fthi request is
Gander and to close out all the primar radio station used for shown in Table 4, and Appendix
busines transactions from the the dissemination of the daily ice A hts all contributors.
season. bulletins and facsimile charts after CommsiUnS, International Ice

preparation by the Ice Patrol Patrol extendse a sincere thank
U.S. Coast Guard aircraft, office In Groton. Othe you to all stations and ships which

deployed from Coast Guard Air tansmittink g stations for the conffed.
Station Elizabeth City, North OOOOZ and 1200Z ice bulletins
Carolina, oonductled all the aircraft Included Canadian Coast Guard
missions. SLAR-equipped HC- Radio Station St.John'sVON,

TAWI 4L Iceberg and 98T RspoWt

*~Bwt.TmW er~ . .$1 .............
hNumer of SST!reort recelved50

Nurri~w of bce rotsrecolved 673

Last Ice Buhlin 20120OZ AUG 85.b E d 1# w *e .. .. .... ......

.... .... .. . . ..... ... 5



Environmental Conditions
1985 Season

Weather in Labrador and April: Surface pressure was
East Newfoundland during the near normal during April (Figure
1985 International Ice Patrol 4). With a westerly flow returning
season tended to be colder and to Newfoundland, temperatures
dryer than normal during the and precipitation were normal
winter and warmer and wetter (Table 5).
than normal during the summer
(Table 5). The weather stations May: The Iceland Low was
listed in Table 5 were selected to farther west and deeper than
give a cross-section of weather normal during May (Figure 5),
conditions throughout the bringing more marine air into St.
province. The colder than normal John's and greater than normal
months of December 1984 precipitation (Table 5).
through March 1985 caused an
early accumulation of sea ice June: Flow, normally
which expanded south of 43°N southwesterly over
and persisted longer than normal. Newfoundland, was southerly in
This sea ice forced oil drilling rigs June (Figure 6), bringing greater
off the Grand Banks and than normal precipitation to
protected the icebergs moving Gander (Table 5).
into the region.

July: Direction of surface winds
January: With the Iceland Low was normal in July, but the
southwest of its normal position stronger than normal pressure
and deeper than normal (Figure gradient (Figure 7) caused
1), the martimes experienced a greater southerly flow, bringing
strong northerly flow that brought above normal precipitation.
lower than normal temperatures.

August: August temperatures
February: The Iceland Low was and precipitation were above
deeper than normal (Figure 2), normal (Table 5). The shape of
causing northwest winds to bring the sobars In Figure 8 were near
in cold continental air, resulting In normal, but the pressure gradlent
below normal temperatures and between a deeper Iceland Low
precipitation In Newoundland and the Bermuda High caused
and Labrador (Table 5). Increased southwest flow

bringing In more warm, moist air
March: During March, the than normal (Table 5).
Iceland Low was southwest of its
normal position (Figure 3), September. With the Iceland
bringing more continental air than Low deeper than normal (Figure
normal Inlo the marlilmes and 9). a westerly flow dominated,
bweing temperatures (Table 5). bringing warmer, drier air over the

rnaitlmes resulting In above
normal temperatures (Table S).
Ice CondIUoM, 1985 Season
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Table 5. Environmental Conditions for 1985 International Ice Patrol Season

Temp°C % of % of
Monthly Diff. Total Normal Normal

Station Moan from Norm. Precipitation (mm) Predpitation Snowfall

Na.n 0.6 1.6 74.2 118.2% 217.9%

OCT 1" Goose 21 0.6 38.7 50.5% 62.8%
Gander 3.8 2.2 59.4 56.7% 141.0%
St. Johns 5.0 1.9 80.7 55.5% 59.1%

Naln -4.6 -1.4 141.1 245.8% 263.3%
Goose -3.8 0.0 117.0 155.6% 206.8%

NOV Gander 1.0 0.8 73.6 68.6% 118.9%
St. John's 2.8 0.6 100.6 61.9% 50.5%

Naln 17.2 4.5 87.8 119.6% 111.3%

DEC Goose -17.2 4.2 112.5 154.7% 194.6%
Gander -4.3 -0.5 68.2 63.0% 80.40/
$t. Johe -2.0 .0.5 io.. .. 67.7% 52.7%

Naln -12.6 -3.2 210.7 338.7% 291.0%

JAN 1985 Goose -15.6 -0.8 134.0 180.1% 293.9%
Gander -7.4 -1.7 96.0 88.0% 122.5%
St. John's -5.9 -1.3 111.6 71.6% 102.6%

Naln -1 . .2 -1,1 143248.1% 189.9%
Goo" -145 0.0 41.4% 66.7%

FEB Gander -7.4 -0.6 01.4 0.7% 108.9%
St John's -5.9 I A 91.3 97.5%

Naln -12.0 -1.5 124.3 224.4% 193.3%
Goose -9.3 -1.1 56.5 78.3% 146.6%

MAR Gander -5.8 -2.7 51.0 46.3% 57.3%
St. John's -5.1 -3.2 102.3 77.6% 78.6%

Nalm 4.1 -u 119.1 257.2% 253.6%
GOO"j -. 2 ::::5:X2.:. 86.3i% 101 .2%

APR Gander -0.6 0,3 866 2.9% 112.1%
St. John's 40.1 I.1 96.2 83.2% 125.4%

Naln -1.0 0.4 52.2 103.0% 42.6%
Goose 2.8 -2.6 66.5 104.2% 100.0%

MAY Gander 5.7 0.5 37.2 53.1% 88.5%
St. John's 4.4 1.0 166.6 165.6% 81.1%

Naln 6.9 0.52.4 . 35.1% 50.1%
11.0 0.3 92.2. 91.9%

Gander 11* 0.0 124.2 1504.% .0.0%
St. John' 10.4 0.5 .8.9 . 0.9 0.0%

Nain 10.8 0.3 89.6 106.0% 0.0%
Goose 15.5 0.3 235.3 223.9%

JUL Gander 17.7 1.2 107.8 156.2%
St John's 17.5 2.0 108.8 130.9%

14.6 4.746.0. 148.5%
AUGde 1:4.9 47.... ..13 113.1%

at ohn't. IAo '10. 83.0%

Naln 8.0 60.5
SEP Gos . .8 81.6 66

Gancer 11.0 4.6 75.6 93.1%
St John's 11.0 4.9 54.2 48.4%

"No snowfawl recorded duing this month
7
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
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Figure 7.
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Figure 9.
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Figure 10. 16 October 1984
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Figure 11. 13 November 1984

70 65 60 55 50 45
65 65

Greenland

60 60

Sea Ice
Free

55 55
Labrador

Sea Ice
Free

50 50

known Ice 4
(conenraions i ets _____ _____ _____

05550 45



Figure 12. 18 December 1984
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Figure 13. 15 January 1985
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Figure 14. 12 February 1985
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Figure 15. 12 March 1985
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Figure 16. 16 April 1985
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i1gure 17. 14 May 1985
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Figure 18. 18 June 1985
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Figure 19. 16 July 1985
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Figure 20. 13 August 1985
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Figure 21. 17 September 1985
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Figure 22. 15 March 1985
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Figure 23. 30 March 1985
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Figure 24. 15 Apr1l 1985
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Figure 25. 30 April 1985
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Figure 26. 15 May 1985
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Figure 27. 30 May 1985
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Figure 28. 15 June 1985
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Figure 29. 30 June 1985
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Figure 30. 15 July 1985
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Figure 31. 30 July 1985
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Figure 32. 15 August 1985
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Figure 33. 29 August 1985
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Ice Conditions
1985 Season

October - November 1984: Banks. This provided protection April 1985: With near normal
Ice formation was delayed in for icebergs moving south and temperatures (Table 5) and
October by warm temperatures also retarded their drift so that westerly/southwesterly flow
(Figure 10 and Table 5). By mid- only two icebergs drilted south of (Figure 4), the sea ice had
November, some ice was forming 480N during January. receded somewhat by 16 April
in the Foxe Basin and Frobisher and a small shore lead had
Bay (Figure 11). Freeze-up February 1985: On 12 opened along the northeast
continued gradually through February, a broad expanse of ice coast of Newfoundland (Figure
November and by the end of the was as far south as Cape Race 16). While on an iceberg
month, Ungava Bay and Hudson and extended out to 47*Wfrom reconnaissance flight on 15 April,
Strait were completely covered by that point. Atongue of three- to HC-130 CG-1504 dropped a
light Ice. Much of Hudson Bay five-tenths first year ice was memorial wreath at position
remained ice-free. There were 14 estimated to extend 41056N 50014W to
icebergs south of 480N during approximately to 460N 47MW commemorate the tragic sinking
October and November, which is (Figure 14) which terminated oil of the RMS TITANIC 73 years
unusually high. drilling operations on the Grand earler. During April, normally a

Banks for over 30 days. Sea ice heavy iceberg month, an
December 1964: By mid- formation progressed rapidly estimated 208 icebergs drifted
month, sea ice had formed south throughout the month and by 26 south of 48ON and 176 icebergs
along the Labrador coast and February an expanse of nine- to were on plot on 30 April (Figure
closed the Strait of Belle Isle ten-tenths first year ice covered 25).
(Figure 12). It held this position the area from midway between
through the rest of the month Cape St. Francis and Cape Race May 1985: Sea ice retreated in
with some formation beginning In to approximately 450N 46W. Due May with a region of three- to five-
the Gulf of St. Lawrence. The to the number of sightis in early tenths coverage remaining as far
colder temperatures experienced February, an lIP pre-season flid south as Cape Freels on 14 May
in December (Table 5) and the was made 20-25 February, during (Figure 17). With the receding ice
northerly flow over the region which 64 Iceberg were sighted, edge releasing icebergs to open
contrbuted to the advance of ice. 57 of which were south of 480N. water, May was a heavy iceberg
During December, 7 more month, with 205 Icebergs
icebergs were sighted south of March 1985: A long tongue of estimated to have drifted south of
480N. Ice started forming In the 480N. This large population of

Labrador Current during early Icebergs provided a good spply
January 1985: By January 15, March and by 12 March had ofexperimentalsubjectsforthe
the southem limit of sea ice had reached 43ON 48MW (Figure 15). detection, drift and deterioration
reached the vicinity of Cape The finrt regularseason experiments (Appendices B, C
Freels (Figure 13). On January ICERECDET, planned for 12 and D). There were 272 iceberg
22, the sea ice had reached Cape March, was delayed until 17-27 on plot on 30 May (Figure 27).
Bonavista and a tongue of ice was March by an aircraft mishap in
being cared south in the Groton on 12 March. There were June 1195: The retreat of sea
Labrador Curren to 129 icebergs estimated to have Ice continued in June (Figure 18).
approxlmely 48ON 490W. With tedMsouthf48QNdurn By 25Juneonlystrieand
continued low temperatures and March and there were 168 patches remalned south of Cape
nor" winds, sea Ice forned cebergs on plot at lIP on 29 Bauld. The shipping season for
rapidly, expanding to the Grand March (Figure 23). the Strait of Bele Isle was
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delayed opening 2-3 weeks this icebergs south of 48VN. As a
year due to ice persisting longer result of the final ICERECDET on
than normal in the Strait. June 20-28 August, the limit of all
was the heaviest iceberg month known ice shifted another 4
with 893 icebergs plotted by lIP degrees west and north and the
during the month and 247 1985 Ice Patrol season was
icebergs estimated south of closed on 29 August with 64
480N. The largest number of icebergs on plot at lIP, only three
icebergs on plot during any single of which were south of 48MN
day in 1985 was on 14 June (Figure 33).
(Figure 28), when there were 292
on plot. There were 242 icebergs September 1985: Labrador
on plot on 30 June (Figure 29). and the Davis Strait was entirely

sea ice free by 17 September
July 1985: On 16July, the (Figure 21). There were an Table
Strait of Belle Isle was ice-free as additional 32 icebergs sighted Explanation of Sea Ice
was much of Davis Strait (Figure south of 480N duing September. Technology Used In
19). The melt proceeded rapidly Figures 10-21
and by 30 July sea ice only
extended asfarsouth as Cape
Mugford on the Labrador Coast.
July also was a heavy iceberg ObC ).
month with 765 Icebergs plotted W.•during the month. However, only F

123 icebergs were estimated to
have passed south of 48-N and
227 icebergs remained on plot on c- ToWI i- *,,,. I .-- tuu.

30 July (Figure 31). ocbctco- dm.(C 2 Mmu (, - a, d ,- (C)-

August 1965: With warmer -C .Co,,.at* dMeWM sowd dt, ad•

than normal temperatures (Table F % Fb WS. d, ,o., Fa),2,-,- I( ). W34-161

5) and favorable winds, the sea
ice continued to melt rapidly and
the iceberg population pa.,wn I"decreased dramaticaly. Onto 6- 0 NOW 0•.d•,dlm. 0 W e ms

a Nawie. 1w *"ml la

14August ICERECDET y in 3 ,he
deployment. only 30 icebergs 4 .. ,- 4 .-n-I-

were detected south of "0Nand * bt.w,• 6 va•-
the astemlknitsofallknown ice 7w "nel..W, 7 am,,m

a Twho 65 ow $0., ,am a QbsbM MW o, t
"shfted4degreeswest (FigureI&0 M ,-70 M 9 "
32). Onl3August, 4. 7 '• / J"*MM "W"w
Newfoundland and Labrador 7: coi
were neeay-freelwyhfire c wne S. w•-W.i,

remaining in Hudson Sfti and - omw
along th " ad fpJ *af 0 Vudh og, 9C Q d M NP

and(Fire 20) August Fwas a C ua

42M Icebe month wth only 32
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Discussion of Icebergs
and Environmental

Conditions

The number of icebergs moving toward the ice edge
that pass south of 48ON in the where meft occurs. Therefore, References
International Ice Patrol area each icebergs in sea ice will eventually
year is the measure by which reach open water unless Knutson, K.N. and T.J. Neill,
International Ice Patrol has judged grounded. The melting of sea ice (1978); Repoitof the
the severity of each season since itself is affected by snow cover International Ice Patrol Service in
1912 (Table 1). With 1063 (which slows melting) and air and the Noith Atlantic Ocean for the
icebergs south of 480N, 1985 is seawater temperatures. Assea 1977Season, CG-188-32, U.S.
the seventh highest year on ice melt accelerates in the spring Coast Guard, Washington, DC.
record. and early summer, trapped

icebergs are rapidly released and Robe, R.Q., N.C. Edwards, Jr.,
Since the number of then become subject to normal D.L. Murphy, N.B. Thayer, G.L.

icebergs calved each year by transport and deterioration. Hover, and M.E. Kop, (1985);
Greenland's glaciers is in excess Evaluation of Surface Craft and
of 10,000 (Knutson and Neill, With sea ice extending Ice Target Detection Performance
1978), a number of icebergs exist south over the Grand Banks later by the AN/APS- 135 Side-
in Baff'm Bay during any year. than usual during the 1985 Looking Airborne Radar (SLAR),
Therefore, annual fluctuations In season, icebergs were protected CG-D-02-86, U.S. Coast Guard,
the generation of arctic icebergs longer than normal, making it Washington, DC.
is not a significant factor in the possible for the icebergs to reach
number of icebergs passing farther south than normal. Rossiter, J.R., LD. Arsenault,
south of 48N annually. The AL. Gray, E.V. Guy, D.J. Lapp,
factors that determ*ie the R.O. Ramseler, and E. Wedler,
numberof icebergs passing (1984); Detection of kebergs by
south of 480N each season can Airborne Imaging Radars,
be divided Into those affecting Proceedings of the 9th Canadian
iceberg transport (currents, Symposium on Remote Sensing,
winds, and sea ice) and those St. John's, Newfoundland,
affecting iceberg detedoration August 1984.
(wave action, sea sudace
temperature, and sea ice). Thayer, N.B. (1984); Effects of

Sea ice acts to kpeKe th Shie-Looking Aklrne Radar
trarnportof icebearg by wnds (SLAR) on •ceberg Detection
and currerft and abo prtects Drhflhf 1983 and 1984
icebergs from wave action, the Internationa lce Patrol Seasons
major qpe of Iceberg from Report of the International
detedoaton. A/lhough It slows Ice Palrol in the North Atiantic,
current and wind iranpor of 1984 Seaon, CG-188-38, U.S.
cebrwgs e Iea is elf an active Coas Guard, Washingon, DC.

medurm, fork Is contlnally 1111111M______
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Appendix A
International Ice Patrol Ice anid SST Reports for 1985

Country 10e SS~r
Ship's Name of Registry Reports Reports
Abierdeen Panama 3
Abitibi Concordl Germany 7

Acadia ~or~st beda
Aeneas Singapore 2
Akizutd ?Jaru Japao 3
Albright Explorer United Kingdom 2

AlosUnited. States Of Ameiros I
Alexander Henry Canada 2 2
:AiecAndroS F..........G 1 1
Alfanourtous Ubeila 1 1
ANWedNeedle COAna 4
Algonquin Korea 1 27

Mlay Union of Soviet Socialist Republics1
Allis Gec
Ambassador United K(Ingdom 16

Amstekwai Neftheands; 3 4
.A..... ........

Anka D Cyprus1
4 7"

Arctic Canada 2
AA~~iLc ....ingm

Arctic Viking Canada 2
Astov#CWAnad 2

Atlantic Conveyer United! Kingdom 1
A....... .in ..... Mr dom 4 1

Atlantic Saga Sweden 1
Alan ...u... ... a.e 2
Atlantic Star UntdW Kingdom 2 1

Australian Reefer Bahamas 2
A .... ...... 2

Badak Liberia 1 5
......... Poitet

Balder Hesnes Canada 3

Balu SriLanka1

B~art Atlanlica United K(ingdomn

Batna Algeria 4 4

Belle Etolle, Mqawsi 4 10

Borroew United K~ingdomn 4
.. ~ ........ .......

Bessaya Barreo Podlgi 6
BaNS 4

Bonavista Bay Canada 3
3

BddewerGermany 7
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Appendix A (cont'd.)
Interniational Ice Patrol Ice and SST Reports for 1985

country Ice SST
Ship's Name of Registry Reports Reports

Bulknis UnWite(Ingdom 3
Canada Marquis Canada1
Canadian Explorer Cianada 1
Cape Roger' Canada 4
Z40 . tan costis Cyprus
Cast Huskey United K(Ingdom 3
Cast MAiko UnitedKi~ngdom .5
Cast Otter United K(ingdomn 5
C-at Polar Bear Lib"r 4 6
Cavallo Canada 1
Chansdlis India 2
Chateaugay Liberia
Cbtgndoto ay Clanwis 5
Chill United K~ingdom 2
CRtY Of erth United Kngdom, 5
C. Mehmet Turkey 4
Chi1pewa Uberl 2
Commandant Guy France 1
MConovd Unite States of Amede 8
Condata Honduras I
060tadelioa K~OM 2
Corner Brook Korea 2

Da~o arie&* 4
Daphne Netherlands 1
DartAMericanaUitdKtg 3
Dart Atiantica United K~ingdom 1

Diana Brasi 1

Dora Oldendorff Slngapoor 1

Dr D. K. Samy Liberla1

Eastern Unicon Panama S

8 Aaffm Liberia1

Eullma Noway

USCGC EVERGREEN United State Of America 6 60

F*f Nefthriands Antiles 2

Faith Slngaporm

Falcon Norwy5

Federal Anah Jewa 4
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Appendix A (cont'd.)

International Ice Patrol Ice and S ST Reports for 1985

Country Ice SST
Ship's Name of Registry Reports Reports

federal 0dmBeIwn
Federal Rhine Uberla1
Federal Saguentay Uibe"i
Federal St. Laurent Uboria 2
Fedara[Thame Beli~um I
Feirnita Norway 3
SO&& lrLagay . Greece 5
Filispoint Greece1
Aria America Belgium 2
Finn Fighter Finland 1
Min Fury FvW2
Fionrios. Finland 2
Finn Oceania F~nand 2
Fiona Mary PanamiaI

Firm" LUbsft 1
Fjord Bridge Panamia 2 1
Flora sc
Fogo Isle Canada 1
Fort: lrovkdanc Whied Kkigdomn 1 1
Fortune Ace Panama 1 1
..FredX.AgNich Cn
Frithjof Germany 2 7
PupRee PA".1
Garbarus Bay Canada 9

Geno.. ... a or ....
Germanic Federal Republic of Germany 3

Golden Rio Uberia 1 10
-t k~d 1.

Grand Eagle Panama 9

Gull Grain Uibeel 31
... ... ......

Helde Germany
14a~~F06WFWWW FdrtubioGOM*an II

Helen Schult CypMu 1 2

Hoboulee if-sL~al3

Hu~d Trapper LiberiaI

Hugo 1iln

Imperia Quebec C~anada 2
ttLU~2

kSpa1
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Appendix A (cont'd.)

International Ice Patrol Ice and S ST Reports for 1985
Country Ice SST

Ship's Name of Registry Reports Reports
iru :, Glawyaam
Iroquois Korea8

.rvind Nordic Canada 4
Irving Ours Pollaire Canada 1
IVan Der Benev Urion of Soviet Socialis Republics 2
Iver Ubra Liberia

Jade Kim Panama 2
J", 'WihN~ Gevman
James Transport Canada 3

Je Bernier Canada2

Jenny United Kingo

Joao Ferreir Portugal2
1!he .r.......

John A. MacDonald Canada4
...... ....~.w n

Johnson Chemastreamn Singapore1

Juventia Panama1
.s I .. .......... .. ..

Kap..... Ch..oic. Union of So.e Soia.s ...... c...Kenw vigs.............i

......n ......... .. 2
Lapfea Biwa " Unioned ISta i teSof amesc 1eulc

...... n ... in .w .. .
Lena Palpnama

LKedan Expdes Ubermary1P.xn .......
....a .... p... a........

...m Ca.. .. n.ad....
...... O d doi .... .S..........

...........



Appendix A (conrd.)
International lee Patrol Ice and S ST Reports for 1985

Country Ice SST
Ships Name of Registry Reports Reports

Maho~e~..........Canada.
Mauakamd Pakistan4

.............. u....... United 41 K g m 10 2
...... United Ilngdom 1

Maratha Shogun India2

Maria Germany 1
Marine Renn lbe'ra...............
..Ma~rine Star United Kingdom
MarNquee Debolarque ......
..Ma~rshai Grechko Union of Soviet Socialist Republics3

Meerdrect..............N.heu.a.d
.. eefrechtzGra.
Megastar ... Sri Lanka2

....... ......
.....g.............. .... .... ......

...ni....t.Panama.

MINLgt u Panama

MISSe .. t. ofI
MontaPyhona Mats

.Mobtin SwedenM..o.e.n...g..r..... .. .. . .. .......
.w Un. of........... So..e .... a...t .epub...........l~ .... . .. .. .

MonanaD. Uboda 12

......................... wg ~ ...............
.... ...... ........o n 5

hitealrl~addm............m
.. .. . .. .. .. ... ... ... .

. . ... . ...

.................. .... 4 9



Appendix A (cont'd.)

International Ice Patrol Ice and S ST Reports for 1985

Country Ice SST
Ship's Name of Registry Reports Reports

Pacific Challenger Untd l~ngdorn
Pacific Coucage United Kingdom
Pacific Wo~nder Lit~rfa9
Pacific Express Liberia1
Pacifilox Mexicano Panama
Pan Crystal Korea1
Pantazis G0rece,
Pavel Vavilov Union of Soviet Socialist Republics 1
Pawnee United Kingdom 12
Petrodvorets Union of Soviet Socialist Republics 4
Philippeld France I
Placentia Bay Canada 1

PlaetaGormany 1
Polar Bear Liberia 2
P Oar C~itI. Canada 2
USCOC POLAR SEA United States of America 1
Port St.Joan Canada 2
Premnitz Germany 2
President Quezori Ph~lppines1
Pwiimorsk United Kingdom 2
Piing Maurits Neterands2
.Pristina Yglavia1
Prowes Unbtd KlIngdoom I
Puhos Finland 35

C~uara Cnada4
Queen Ellizabeth 11 United Kingdom 2
Reu Groomd1

Rueef s nitd I.ngdom 1
..Rio .Fri o Netherlands 1

Saar lore Liberia 2

Sas-katchewan Pioneer Canada 1

Schnoorturm Canada 4
S . ........... A t...... 3aa a

Ssafoft Atianftc Cartwright I Canada1

Sealand Express United States of America 1

Se9Qln Mary Japan 5

Senhora Dos Candelas Portugal 4

Silverland Sweden 2

Sir W. Alexander Canada1
- 2

Skaf elell Wcand
W~sieO~y Amnd2

swean Stazynsd Poland 4
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Appendix A (cont'd.)
International Ice Patrol Ice and S ST Reports for 1985

Country Ice SST
Ship's Name of Registry Reports Reports

Stolt Castle France I
Stolt Excellence Liberia 1
Straus Liberia4
Stuttgart Express Germany 3
Suvreftt Panama I<
Tadeusz Kosciuszzko Poland 1
Takapu Canada I
Teamhada Singapore 2
Tedino St.. Laurent Canada 1
Terra Nordica Canada 4
kThuleland sirnlapore
Tina Cyprus1
Toanui Canada 2
Tobruk Poland1
Toldawrrw United IKingdom I
Torrent Liberia I

Traquair United Kingdomn 9
Trawm Africa Spain 1 6
Trinity Bay Canada 9
Ts*L"DMw jpaw 1 1
Tuber Canada 1
Tuifias Sweden I
Tulsidas India 1
IkiiwersytetSlasky Poland
Uority Dolgarufly Union of Sovit Socialist Republics..........
VandWv United l[lnMddm . I
Vanil Sweden 1 5

Vas4T ~n 2
Virneu'o Portual 1

VNorway 1
Wanderer United K~ingdom 4Wu~w w* Uion ft. SWO'tSolbd Repbllci 3
Wilfred Temnplemnan Canada 2

World Agamemnonm Greewes

World Nancy Panarna1

Vukiona Libera 31

Zernla Opolska Pollard 2
Zema~aoI* Pomnd3 4
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Appendix B

Iceberg / Ship Target Discrimination
with Side-Looking Airborne Radar

LTJG N. B. Thayer, USCGR
CDR N. C. Edwards, USCG

Introduction Methods

To conduct this study, it
Since 1983, the the total SLAR sweep width (i.e., was necessary to find a source of

International Ice Patrol (lIP) has 25 nm). This type of search plan SLAR targets with visual
been using a Motorola AN/APS- gives 200% coverage between confirmation. The best source of
135 Side-Looking Airborne Multi- paralel legs and provides two targets with positive identification
Mission Radar (SLAMMR) as its views of each target within the of both target size and type was
primary method of iceberg search area. Despite these the BERGSEARCH 84 (Rossiter,
reconnaissance in the North efforts to maximize cues, It is still et al., 1984) data and the 1985
Atlantic. The ability to detect sometimes difficult to distinguish SLAR experiment conducted by
icebergs with a side-looking vessels from small and medium lip and the Coast Guard Research
airborne radar (SLAR) in poor or icebergs. For example, fishing and Developoment Center
zero visibility, plus the ability to vessels often drift or move slowly, (Robe, etal., 1985). These two
search larger areas, has resulted producing no wake and showing sources provided SLAR film from
in a significant increase In the ftt or no movement between 7 days of liP operations with
nunber of Icebergs tracked by looks. In addition, the search logs shipboard ground truth data, 160
lip. going to and from the search area ship and iceberg targets in aft. Al

as well as the outlying legs of the of the film used i this study was
Because SLAR can be search Itsel do not afford double collected at an altitude of 8,000

used with the sea surface SLAR coverage. As a result, feet on the 50 km SLAR range
obscured by clouds, lip approximately 35% of the search scale, standard conditions dunng
frequently conducts area is seen only once on SLAR, lip iceberg reconnaissance.
reconnaissance flights when eliminating the chance to detect
visual confirmation of SLAR movement and decreasing the The films were duplicated
targets is not possible. Without probability of picking up other and the duplicate films were
visual confirmation, distinguishing cues from SLAR images. examined for suitable targets for
between icebergs and vessels is the study. AN targets without
sometimes difficult. This study measures the obvious cues were used.

error rate In SLAR target Although targets were not
Wihout visible cues on the Ideniicaton, using sinoe looks selected for ambiguity, aN of

SLAR film (target movement, at Individual Iceberg and ship those used were quite
wakes, brash, radar shadows, targts without visual cues. ambiguous, since they were all
strength of return) which Improve single targets without
target identification, It is difficult to aornpanylngvisualcues. With
dlstilngush between targets with the "ed nunber of vessels and
simlar radar return, e.g., sinai Icebergs Involved In the two
Icebergs and vessels. lIPhas source experiments, some
planned Its search legs and the targels were used more than
track pcing equal to one-hall once, but separate SLAR passes
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Results

provided different looks so that Table B-1 presents the raw observer 4 showed no bias
each image was used only once. test results, divided into the two toward icebergs.

target types: ships and icebergs.
To isolate individual targets The "correct" column under each The results from observers

and at the same time give the target type represents the I and 3 probably offer the most
SLAR interpreters a surrounding number of times each observer representative sample, since the
piece of film to examine for identified that target correctly, bias they show toward icebergs
background, each target was cut while "incorrect" represents the reflects their liP experience.
from a duplicate film and mounted number of times that type of Actually, while selection of
on a 21/4" photo slide mount. target was misidentified. different subsets of the data can
Each target was randomly be made based on bias shown or
assigned a 2-3 digit identification The data was subjected to statistical judgements, the error
number and each slide mount Chi-square analysis (Lapin, 1975) rate for all targets is in the range of
was labelled with that number, the to identify statistically significant 40-45%, as shown in Table B-2.
lateral range to the target from the differences in the error rates
aircraft, and the sea conditions between the observers, and to While these data sets
(from ship ground truth). look for differences in how the cannot be combined or compared

two target types were treated. for statistical reasons, selecting
These 74 slides (35 The analysis revealed that there any one of them yields essentially

icebergs and 39 ships) were was too much difference in error the same result, i.e., that the
taken to U. S. Coast Guard Air rate and target treatment observers correctly identiried al
Station Elizabeth City, North between the four observers to targets 55-60% of the time.
Carolina, for viewing by the Coast allow combining all the data. Also, Applied directly to all lIP StAR
Guard Avionics Technicians who observers 1 through 3 showed a detections, a possible 45% error
are the liP's SLAR interpreters, bias toward icebergs, i.e., a rate would have alarming
operators and technicians during tendency to identify ships as implications. The targets used in
ice reconnaissance flights. Four icebergs. This is a reflection of this study, however, represent
experienced technicians their lIP experience, since only a subset of liP SLAR targets.
separately viewed the slides on a observers are taught to be There are characterstics that imit
light table using an optical conservative and identify the size'of that subset and
magnifier, conditions doubtful targets as icebergs. mitigate the 45% figure.
approximating the normal lIP post- Observers 1 and 3 were
flight analysis. Each technician sufficiently sirnilar In their Firs, the sizes of icebergs
was asked to identify each target treatment of the targets to allow in BERGSEARCH '84 and the
as either a ship or an Iceberg. combining their data. Finally,

Table W-1. Target Identification Table B-2. Error Rates

Iceberg Ship
Observer Correct Incorrect Correct Incorrect Obser- Error Rate

1 31 4 15 24 ver(s) (Ships & Icebergs)

2 23 12 7 32
3 28 7 15 24 1-4 45%
4 20 15 24 15 1,3 40% (Iceberg Bias)

4 40% (No Bias)
TOTAL 102 38 61 95 4
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Table B-3. Iceberg Size Distribution (SLAR) 1984 - 1985

Year Growler Small Medium Large Radar Total

1984 370 441 418 211 21 1461
(25%) (30%) (29%) (14%) (1%)

1985 65 194 182 113 10 564
(11%) (34%) (32%) (20%) (1%)

1960- 8393 21353 15461 4854 7711 57772
1982 (15%) (37%) (27%) (8%) (13%)

1985 liP experiment range from Applying a worst-case error References
growlerthrough medium. The rate of 45% to the (estimated)
targets selected for this study cuelees 40% of the small and Lapin, L. 1975. Statistics:
were small and medium icebergs medium icebergs detected by Meaning and Methods. Harcourt,
(ground truthed by on-scene SLAR, yields an estimated SLAR Brace and Janovich. New York.
vessels) and ship targets of similar error of 161 and 68 misidentified
radar return. Small and medium icebergs In 1984 and 1985, in the Robe, R.Q., N. C. Edwards, Jr., D.
icebergs represent 59% of the small and medium size range. L. Murphy, N. B. Thayer, G. L.
icebergs recorded by lIP SLAR in Hover, M. E. Kop. 1985.
1984 and 66°/6 in 1985, as shown Conclusions Evaluation of Surface Craft and
in Table B-3. These percentages Ice Target Defection Performance
are comparable to the pre-SLAR The probability of correctly by the AN/APS-135 Side-
value of 64% for the period 1960 identifying ambiguous (cueless) Looking Aiborne Radar(SLAR),
through 1982. Iceberg and ship SLAR targets is CG-D-02-86. U. S. Coast Guard,

just above chance (55-60%). Washington, DC
The second mitigating Therefore, the International Ice

factor is the ambiguity of the Patrol uses search tactics to Rossiter, J. R., L. D. Arsenault, A.
targets used, i.e., the absence of maximize cues and visual L. Gray, E. V. Guy, D. J. Lapp, R.
cues. Since the methods of this confirmation during SLAR 0. Ramseier, E. Wedler. 1984.
study eliminated these cues, the reconnaissance. Detection of Icebergs byAirborne
targets used represented the Imaging Radasm Proceedings of
most ambiguous available. Based on this limited study the 9th Canadian Symposium on

of cueless SLAR targets, the Remote Sensing, St. John's,
In order to assess the SLAR error rate and Iceberg bias Newfoundland, Canada

impact of these results on liP of SLAR operators could Inflate
Iceberg reconnaissance, it is the number of Icebergs that liP
necessary to estimate the reports. This Inflation is
proportion of liP SLAR targets Insignificant when compared with
that are cueless. it can be the Increased efficiency that
conservatively assumed that 40% SLAR provides iceberg
of SLAR targets are cueless, reconnaissance. Even though
based on liP operational visual searches provide
experience. Indications that this unquestionable identification,
is a reasonably conservative they were historically flown only
assumption are that the data set on 50% of the deployment time
used for this study in which 74 of and each visual flight covered
160 targets (46%) were cueless, one-third less area than a SLAR
and the factthat 65%of liP flight does.
search flight mileage offers 200%
search coverage, which Is An Important Issue not
assumed to greatly inorease the addres d by this study Is the
probabilty of cues being presen, SLAR Identlfication error rate for
A further assumption Is that the unambiguous targets, I.e., targets
presence of cues results in 100% with cues. I this error Is
correct identification quatv fd by further study, a

better estimate of the overall error
ratewouldbe poesible.



Appendix C

Oceanographic Conditions on the Grand
Banks During the 1985 11P Season
LT 1. Anderson, USCG

TIROS Oceanographic
Introduction Drifter Tracksi

During the 1985 Internat~ioal Ice lip uses TODs to provide real time monitor. Each TOD is deployed
Patrol (111P) season, twelve satellite current information to update the with 8 2 meter by 10 meter
tracked TIROS Oceanographic historical current field used by our window shade drogue attached
Drifters (TODs) were deployed In Iceberg driftrmodel. TODs are to the TOD by either a 30or 50m
the lip operating region. Ten of deployed In areas of high Iceberg tether (Table C-I). An average of
the TO~s were deployed from an density and In areas of high 7.4 positions per day from each
WC- 130 aircraft during regular ice variability In the current field in TOD were obtained through
reconnalssance flights. The data orderto imnprove drift prediction. Service ARGOS. The distribution
from these TODs are discussed of the positions and sensor data
below. The remaining two TODs Ali ten of the air-dropped TODs points are evenly distributed in
were deployed and recovered have a 3 meter long spar-shaped time except for the period
five times each from the USCGC hull with a 1 meter diameter between OOOOZ and 0400Z
EVERGREEN as part of an flotation collar and are equipped where virtually no data is
iceberg drift and detedriortion with a sea surface temperature received. This null data period is
study. This is the first time lIP has (SST) sensor, a drogue tension due to the orbls of the
deployed TODs with the sensor, anid & battery voltage NOANTIROS N-series satellites.
expressed Intent of recovery. Table 04i. 1985 UP TIROS Oceanographic Dritems
The tracks of the two ship-
deployed TODs are discussed InaeTterPr elo aeLf

Appenix D.TOO # Deployed Deployment Position Lengt Rel. SSTy lIP Ame

Two oceanographic cwises were N 082 UY72plannddurinthe 1985 IP 4526 10 APR11 4605.6N 4M28W 30M NO-. UL
season. The first criuse was on 4536 7 MAY 45-42.ON 4809*N 5GM NO -0.6 5 AUG. 6.4
the USCGC EVERGREEN 452 30MY4048 470=M 30M NO 0.0 17 SEP" 7.1
(WMEC 295) froml10Aprilurd 10 4537 3 JUNE 47*0.N 48000.0W 50M NO - - -
May 1985. The objectives of 4548 26 JULY 47900.6N 47017.4W 50M NO 10.2 8 AUG 7.
dtaining loeberg dnif 4529 28 JULY 482.ON 4604&OW 30M NO 10.0 17 OCT 7.

deeiration and detectdon dat 4550 29 JULY &M0~3.N 5029.W 50M YES 13 2 OCT 7.6
were met. The results of the 4548 10 AUGUST 47000.ON 47030.0W 50M NO - ---- -
EVERGREEN cruise drift data 4541 11 AUGUST 48017.4N 4700.8W 50M NO 12.6 11 SEP 87
are discussed in Appendix D0n 4544 26 AUGUST W07.2N 5029.W 50M YES &8.66
the detection data results are
discussed In Appendi*B. The PAR. REL.: Visually co.*mined release of parachute at deploymrent
i ceberg deterioration data wil be *: INCL.UDES DATA FROM 3 JUNE ONLY
discussed below. The second 1:PICKED UP BY FISHING0 VESSELS. 4538 HAS BEEN RETURNED TO NP
cruise plumedformUCO AND 4548 IN MURMANSK USSR
NORTH WIND (WAGS 282 was: TOD FAILED ON 17 SEPTEMBER WHILE 14 NP REGICt4
can cemledj because of shf nu : STILL 1N NP REGION AS OF 30 OCTOBER 1958
engin probler. __ ___
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Figure C-1. Drift tracks for Figure C-la
International Ice Patrol's 57W 56 55 54 53 52 51 50 49 48 47 46 45 44 42 41 40 39W

1985 TODs. 52ud t 2

Tracks presented include data
through 30 October 1985. The
symbol ( )indicates deployment 51 51
position of the TOD. The julian dates # s4 O
beside the tick marks correspond to 50 236

events discussed in the text.
49 49

As of 30 October, only one of the 48 48
TODs (#4544) rem ained in the lIP ". ...-

region (Figure C-1). Twoofthe 47 54 47
TODs (#4537 and #4546) failed
on deployment. TOD #4526 was 46 46
deployed on 10 April. Between
11 April and 3 June, only one 45 2 45
position was received. After 3
June, TOD #4526 performed 44 21 44
without problem. Two TODs
(#4536 and #4548) were 43 43
recovered by fishing vessels.
Four of the TODs (#4529, #4541, 42 42
#4544 and #4550) are still drifting 41

and providing data while two
other TODs failed after 110 days 40N 40N
(#4527) and178 days (#4526). 57W•56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39W

Only two of the parachute release
mechanisms (TODs #4550 and Figure C-lb
#4544) were observed to operate
followingdeployment. Theactual 57W 56 55 54 53 52 51 50 49 48 47 46 45 44 43 4 41 40 39W

fate of the remaining TOD 52N 52N
parachutes is uncertain. We
assume that when the parachute 51 51
collapsed, it settled into the water
and, at worst, ended up acting as 50 so
a near-surface drogue. TOD
#4536 was observed from CG-
1504 on 18 July, more than two "45
months after deployment, with 4412

the parachute wrapped abound 2.0

the TOD hu. The parachute was4
still attached to the TOD when it
was recovered by a fishing vessel 46 - 46
on 5 August. There are no
significant differences in the 45 230 45
velocity distributions for TODs
with confirmed parachute 44 - 44

releases and those without, 18S

suggesting the parachute, even i 43 43
it remains attached to the TOD
does not significantly affect the 42 42

drift of the TOD (Figure C-2).
41 41

The below discussions Include 40, _:_:_:_______:__________,__._ _ 4_
TOo data though 30 ctober 57W 56 55 54 53 52 5i 50 49 48 47 46 45 44 43 42 41 40 39W
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1985. The drift tracks of the
TODs will be discussed below in
chronological order according to
when they were deployed. The
number in parenthesis following
dates are Julian dates and Figure C-2. Velocity distributions for International Ice Patrol's
correspond to the dates on 1985 TODs
Figure C-1.

Figure C-2a
TOD #4526

TOO VELOCITY DISTRIBUTIONS

TOD #4526 was deployed on 10
April (100) in the Flemish Pass in
position 46015.6'N 46028.8W 25 - TOO 4526
(Figure C-1). Between 11 April,- TOD 4541
and 3 June (154), only oneposition was received from TOD - TOO 4548
#4526. This position on 26 May TOD 4529
(146) at 47035.4'N 44015.OW 15Indicated TOD #4526 drifted e
north around Flemish Cap. From
3 June (154) to 7 June, TOD lO
#4526 drifted from 46048.6VN I.E
44007.2VW in a southwesterly

direction at an average velocity of 5
27 crrVs until it entered the North
Atlantic Current. On 7 June
(158), the sea surface 0
temperature reading from TOD 0 10 20 30 40 50 60 70 80 90 100110
#4536 increased from 30C to 50C.
Although TOD #4526 briefly VELOCITY CMIS
drifted north of the liP region
between 7 July (188) and 11 July
(192), the drift track of TOD Figure C-2b
#4526 after 7 June corresponds
well with the isotherm pattern as TOO VELOCITY DISTRIBUTIONS
depicted by the Canadian
METOC SST charts (Figure C-3).
An average velocity of 51 cmis 3- TOO 4536
was maintained while TOD #4526 TOO 46
was In the North Atlantic Current 30

unril exitirnthe IIP region to the - TOO 4827
east on 22 July (203). 25 TOO 464During~~~~ June whn OD#42612

was dlfting north of Flemsh Cap 1
in the North AlantiCurrern, the u 1
8CC botherm apparenuly hkdcated 0
the western edge of this branch 10
of the North Atlantic Current.
TOD #426 conirwed to rmtur
data as It drifted across the
AdanI* un tls falkeson5 0 • ,
Olobtr.'Throuhoutthepeiod 0 10 20 30 40 50 60 70 80 90 100 110
from 3 June unrl 5 October, the
drogue sonsor indicated the VELOCITY CMOS

drMgue w d80onnemd
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TOD #4536
subsequently returned to the Ice Current and was carried again to

TOD #4536 was deployed on 7 Patrol. The exact date TOD the northeast at 74 cm/s. On 28
May (127) in 500m of water on the #4536 was picked up by the August (240), TOD #4527 began
eastern edge of the Grand Bank fishing vessel is not certain. The a slow cyclonic motion that
south of Flemish Pass in position drogue was attached to the TOD folowed the isotherm pattern at
45°42.0'N 48*09.6W (Figure C- when it was recovered, an average velocity of 27 cm's
1). TOO #4536 was carried south (Figure C-3). TOD #4527 exited
by the Labrador Current roughly TOO #4527 and re-entered the liP region
folowing the 500m contour at an during this section of the drift. It
average velocity of 44 cm/s until TOD #4527 was deployed continued this motion until the
passing south of the Tall of the between the 200m and 500m TOD failed on 17 September
Bankon 17May (137). Between contours along the eastern Grand (260). Thedrogue sensor
17 May and 3 July (184), TOO Bank in position 46-34.874l indicated the drogue remained
#4536 meandered along the 47V22.8W on 30 May (150) attached until 11 September
front between the Labrador (Figure C-1). it drifted south with (254).
Current and the North Atlantic the Labrador Current at an
Current at an average velocity of average velocity of 29 cm/s along TOO #4529
32 cmls. The location of the front the edge of the shell until
is particularly evident near 42-N entering the North Atlantic TOO #4529 was deployed on the
47-W along the 100C isotherm in Current on about 22 June (173). north side of Sackville Spur in
the METOC SST chart of 14-17 it remained in the North Alantic about 1000m of water on 28 July
June (Figure C-3). The large Current traveling in a generaly (209) in position 48-21.0'N
amount of time (47 days) that northeasterly direction at 47 cm/s 46048.OW (Fgure C-1). It ddfted
TOD #4536 spent In this relatively until4 July (185). Between 4July around the top of Flemish Cap at
slow moving area explains the and 18 August (230), TOD #4527 an average velocity of 21 cnVs
shift of the velocity distribution meandered generaly nortlhward unld 18 August (230) when
curve to the left (Figure C-2). at 26 cm/s completing one large It was caught up in the North

cyclonic circle south of the Atlanft Current. TOO #4529 was
On 3 July (184), the water Flemish Cap. This period of time carried in a generally northerly
temperature increased from 90C was spent between the Labrador direction at 36 cm/s unti it exited
to 11-C and the velocity Current and the North Alantic the lip region on 14 September
Increased signigcanty from about Current. (257). This northward drift
20 to 60 cm/s indicating TOO corresponds wel with the 12C
#4636 had been caught up in the On 18 August (230), TOD #4527 Isotherm as depicted on the 15-
North Altlanic Current. It re-entered the North Atlantic 19 August METOC SST chart
remaned in the North Alantic
Cunrent uni 25 July (206). From T1be C-2.
25 July untl 5 August (217), TOO 1964 IP TIROS Oo6mogmphlc Ddftsm Grounding in Europe

#4536 drifed slowy at an
average velocity of 10 c/s. Dployrment Grounding

On 5 August, TOO #4536 was TOO # D86 Deployment Poestion Date Grounding Position

picked up by a fIshing vessel 4612 27 APR 84 4751.6N 4730.OW 27 SEP 85 4936.6N 01 38.4W
wodtng out of New Bedl, 4M28 5AUG 64 50"6.4N 5101.2W 12 OCT 5 57".ON 0629.4W
Massachusts and the TOO was 4630 6 AUG 84 4648.SN 4654.4W 28 AUG 86 5001 2N 06015.6W
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Figure C-& Canadian so
METOC Seas Surface
Twupeatlure Charts for the.
Indicated perlods

(Figure C-3). The SST sensor on
TOD #4529 indcated between
110C and 130C during this timerperiod. •

TOD #4529 drifted to the Is
northeast before turning south
and re-entering the UiP region on
24 September (267). After re-
entry, TOD #4529 drifted south
until 28 September (271) when it
turned cyclonically completing an
elipse with a major axis length of
about 140 km on 6 October
(279). The average velocity
during the elliptical drift was 39
cm/s. TOD #4529 then drifted A
slowly to the nothwest exiting
the lIP region on 17 October
(289). As of 30 October, TOO
#4529 was stil transmitting and Figure C-3. March 15-18, 1985
the drogue sensor indicated the
drogue was still attached. Figure C-3b. Apri 12-15, 19M

TOD #455

TOO #4550 was deployed in
about 750m of water north of the
Grand Bank on 29 July (210) in
poslion 50-30.0N 50a94•W
(Figure C-1). drifted southeast
and then south with the Labrador
Current through the Flemish Pass
following the bathymnetry untl 20
AugM (232). Duringthis
badhymetic- guided drift
period, the average velocity was
34 a. TOO #4550 meandered
in a southeasterly direction at an
average velocly of 18 mls iftr 9
Sember (252). The SST
vakiss reiurned from TOO 4550
me from 120C lo 17"C belween
9 and 10Seplerntler Indicaling
TOO #4550 had been caugi up
In th North Mllant* Curret

The North Ado Cumr carded
TOO #4550to the noqther at an
average velo of 97 Caft unll It
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10 soexited the liP region on 19
September (262). TOD #4550 re-
entered the lIP region briefly
between 29 September (272)
and 2 October (275). The drogue
sensor indicated the drogue
became disconnected from the
TOD on 6 October. TOD #4550

K Uj is stil transmittuing.

TOD #4541

TOD #4541 was deployed north
of SackvilleSpur inabout I1000mn
of water on 11 August (223) in
position 4801 7.4N 47000.6'W
(FigueC-i). The drogue sensor

(227). TOD #4541 drifted to the
May W03,1Wsoutheast across the top of

Flemih Cap. crossin isobaths,
at an average velocity of 27 cmfs

Figure C-3c. May 10.4,198S until 6 September (249).
Between 6 and 8 Septembter, the

Figure C-313. Jurw 14-17,1985~ SST readings from TOO #4541
___________________________ rose from 120C to 160C Indicating

TOD #4541 had entered the
North Ajisic Current. From 6
September unti TOO #4541 left
the liP region on I11 September
(254), it drifted In an easterly
diection at 7Oat. s.Mof 30
Oclober, TOO #4541 was still

TOD MW54

To determine the drift of the last
concntraionof losbergs for the

4 season, TOO #4544 was
deployed north of the Grand
Banksin 500m of water on26

Labrador Current, bilowing the
bathyinetry, thrwou the Fleffish
Passatan average velocity of 34
c0maW until 27 Septenber (270).

W J." 1q.17urm as douwslachsd onl
between 28 and 30 August.
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From 27 September (270) until ,(
16 October (289), TOD #4544
drifted in a southeasterly direction 0s
at 26 crVsuntil it was caughtin
the North Atlantic Current. 10
Between 16 October (289) and
30 October (303), TOD #4544A
drifted with the North Atlantic
Current at 53 cmns. As of 30
October, TOD #4544 was still0
transmitting from within the lUP
region. q

TOD Results and
Conclusions

The variability of the flow in the liP
region is again well-depicted by
thisyear'sTOD drift tracks. The
areas northeast and south of k
Flemish Cap, in particular, K
ilustrate the variability that exists
in the liP region making drift soJul 12-15, 195 s*

prediction so difficult without near-
real-time Inputs. As shown in
previous years, the bathymetry of
the Grand Bank and Flemish Cap Figure C-39. July 12-15, 1965
plays a major role in guiding the
drifts of TODs (Anderson, 1984). Figure C-M. August 16-19, 1985
The only TOD (#4541) not
apparently guided bathymetrically
In this area apparently had lost its qS
drogu.

TOMs continue to supply lUP with
needed real-time curren
inkomiaton that Is required to
Wrove Iceberg drilt prediction.
lUP Irends to continue using
TOMs operationally. The data
from allfuture TODs willbe
entered kwt the Global
Telecommunications System
(OTS). The historical current fileor1
east and north of Flemish Cap wil
be examined for poeaible-anebased upon
accumulated TOO drift tracks.

As a footnote, three of the TO~s
releaseld in 1964 hae gWounded
in Europe. TOO #4612 ran

a~mund near Cheso, Franice
on 27 Seplmnber 1966 aid was
taltn to roil, FrneJOO
04101 Waunded on toe bland of
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Rhum in the Sea of The Herbides;
off Scotland on 12 October 1985, 0

and TOO #4530 ran aground near
Helston, England (near Lands
End) on 28 August 1985 (Table C-
2). With the cooperation of the
Royal Navy and the Military Airlift
Command, TOD #4530 is being
returned to Ice Patrol.

1985 Iceberg Deterioration
Observations

In 1983 International Ice Patrol 4began using a computer model to
predict iceberg deterioration.
The model, based on White, et
al., 1980, uses melting due to
insolation, vertical buoyart
convection, wind-forced
convection, and wave erosion to
reduce the length of each
iceberg. The details of the
equations used by UIPto model
these four processes can be 5

found In Anderson, 1983.Se130,5

During the EVERGREEN cruise,
measurements of the observed Figure C-39. September 13-16,1985
icebergs were made using a
reticulated lasr ange indler. Figure C-4. Iceberg 81,19 April 1985, 0930Z. Eat lengh1 29 m.
Measurements were made twice a
day separated by 12 hours,
weather and other operations
pernittirig. Photographs of the
iceberg were taken In conjncton
with the mneasurements. Length
and mms estimates were made
from the measurements and

hotiographs. These methods 71
can lead to alargeerror Irnmass
estimation, since none of the
undersid of the iceberg was
observed. Sea surface
temperature (SST). sigrficant
wave hegtW and period data were
alsocolleded. Thg observed
ewironmental data were used as

the Inputs for the deterioration
model In the dsecussions that
folow. In the operational use of

erwirwonrtal data Is rcie
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Table C-3. Characteristic Length of Iceberg Sizes

Melt Model
Size liP Definitions Length

Growler less than16 m. 16
from Fleet Numerical Small greater than 16 m but less Lthan 60 m 60
Oceanography Center (FNOC) in Medium greater than 60 m but less than 122 m 120
Monterey, CA. FNOC provides Large greater than 122 m 225
SST data in or, anid wave heights
in feet. For consistency, the
following discussion uses the Fige C-& Observed V. Model Predicted Iceberg Length
same units.

180

Due to IliPs reconnaissance 160
methods, iceberg lenigth (not140
mass) is the characteristic used to12
evaluate deterioration. Each of 0pmfd4p
the four sizes of Icebergs used byso2 Q
lIP is assigned a characteristic a4a-~ -. W -I=

length based on our size Web #g-r-~. 1
definkitions (Table C,3). Before 40 #2-

each iceberg is eliminated from 20 .... lm"0

our list of active icebergs becauseaS
of deterioration,itis allowed to 0 1 2 3 4 5

mekto 75%of ts rignallenth.Days After initial Meauemenatmelt&MMW to 175 of It orgia length.This figure, although selected Lsw a~ ai Teumwa maas lg
arbitrarily, is used conservatively
to ensure the iceberg has meted
before eilmination. In order to Fig. C-6. Iceberg #2 at 10012 26 April 1065. Eat leng 73m.
reduce this; figure and still ensure
complete deterioration before an
Iceberg is 9ilnilnaed, field
mesuemnI of the
deterioration of three Icebergs
were observed during the 1985
EVERGREEN cruise, one during
the firnt phase and two during the
second phae. Comparisons of
them observations to the
predictions of the deterioration
model are disciussed below.

The two icberg obseirved
durin the second phase of the
EVERGREEN cruise were used
as targets for a side-lookinig
airborne radar (SLAR) detection
and kdsullication experlmert
conducted betweeni 27 April and
5May 1965. Inorderforthe
iceberg to be tiracked during the
SLAR epeirimeM t. had lo be
delectable uplo at bw 5rvnm(9
Wm) on EVERGREE!s suweae
searc fader.
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Moeberg #1

A large pinnacled iceberg with an
Initial length and estimated mass
of about 150m and 800,000
metric tons was located in Lilly
Canyon in position 4405TN
49003'W alon the eastern edge
of the Grand Bank on 16 Apx1
during the first phase of the
cruise (Figure C-4). Subsequent
position calculations showed that
this Iceberg was intermnittently
grounded, never drifting more
than about 10 rnm from the
original sighted position. Poor
visibility prevented the collection
of size data on 16 April. Data on
this iceberg were collected 17-22
April. lbs model-preicted
waterline length matched the
observed length fairly closely until
the iceberg rolled on 19 April
(Figure "-5.

During the evening of 19 April,
Figure C-7. Moeberg S3 at 2145Z 2 Maty 1985. Eat length 48m. the Iceberg rolled, Increasing the

maxlnmumobserved waterline
Figure C-&. Observed vs. FNOk., - ourface temnperature (S87). from 129m to 1 57m. Due to
The rise In obsenred STbetween 30 Apr# and 1iMay was (hato continued deterioration on 19
chwWInek batko fl OEVERGREEN Apil padt of the Iceberg rose as it

tiled, allowing the Iceberg to
4.0 Increase In length again.

&5 Although the Iceberg Increased
&0 OBSERVEDin length between17 and 22

FNOC ~April, Itwas observed to Iwoe
qBprxlmFe- 15% of its mass

10 Thoughout the observation
1.5 period. only a few minor calvng

1.0 everftawere observed. The
.0.sa5w v height mid period

0. 0Y wee 5 eet nd 4to 5 seconds
0.0 \/ .o. ard the SST averaged I1.2C

16 17 16 10 1D 21 22 23 24 25 26 27 823 23 0 1 2 3 4

Ddee Of Obsorvation (1965)
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Observed vs. FNOC
Environmental Model

Iceberg #2 Iceberg #3 Inputs

A medium drydock iceberg was The last iceberg observed durng Comparisons were made
located south of Flemish Cap in the EVERGREEN cruise was a between the observed and
position 46012'N 46014'W on 27 small drydock iceberg located in FNOC SST and wave height data.
April during the second phase of position 45012'N 48028'W on 1 Six hour averages before the
the EVERGREEN cruise (Figure May (Figure C-7). The initial synoptic hour of the observed
C-6). The initial length of the length and mass were 60m and data were used in the
iceberg was approximately 75m. 35,000 metric tons respectively. comparisons below. The FNOC
Due to the highly irregular shape, Although this iceberg was never SST is reasonably close to the
no quantitative estimates of the observed to have rolled over, observed data (Figure C-8). The
mass were made. Due to fog, no there were frequent major calving largest difference was 0.40C. The
measurements were made on 29 events. A calving between 2 and magnitude of this difference is
April. The iceberg was observed 3 May caused a rise in the iceberg consistent with past comparisons
until 30 April when it no longer resulting in an increase in water- (Anderson, 1983). The change
was an acceptable target for the line length. The model does a fair in FNOC SST between 30 April
SLAR experiment. job of predicting the deterioration and 1 May was due to

rate until day 4 (5 May) when a EVERGREEN's change in
During the observation period, major calving event significantly position as iceberg #2
there were no observed incidents reduced the size of the iceberg deteriorated substantialy and
of iceberg rollover. Major calving (Figure C-5). On 5 May, the ice- iceberg #3 was located (Figure C-
events were observed on 27 April berg calved 7 large pieces of ice 5). The largest error of 2.50C
and 30 April. The event of 30 with the largest being 20m In occurred during the observation
April caused a considerable loss length and having a mass of of iceberg #3 on 1 May.
of mass. The model predicted a about 4,000 metric tons. The
slower deterioration than was mass of the iceberg after this The highest waves observed
actually observed (Figure C-5). event was reduced to about during the EVERGREEN cruise
SST averaged about 1.5*C while 8,000 metric tons. The average were 8 feet on 18 April (Figure C-
the average wave height and significant wave height for the 9). FNOC predicted the wave
period were 3 feet and 4 seconds duration of the obser-vations was height for EVERGREEN's
for the observation period. 4 feet with a 5- to 6-second position on 18 Aprl to be 25 feet.

period. SST averaged about The oberved wave heights

Figure C-9. 1.00C. never were greater than one hal

Observed vs. FNOC predicted wave height& of the wave height predicteo by
FNOC with the average error

Note the consistent over-estimation of wave height by FNOC being about 10 feet. These
for the observed period, differences between the

predicted and observed wave
S-- ,Mo heights are consistent with

-OBERE comparisons made by liP in
previous years (Anderson, 1983).

Ito

le17 Is1 Is 20 2l 1 22 4 28••7 02• 0 1 3 4 4

Do"e Of Obeeryvsfo (1905)
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Iceberg Deterioration
Discussion and
Conclusions

Of the four physical processes predicted deterioration for require that an iceberg
used in the lIP model to predict iceberg #1 was greater than that deterioratel 75% of its original
deterioration, wave erosion is observed overthe entire length before it is eliminated.
responsible for the vast majority observation period. Iceberg #1 Future IIP cruises will continue to
of the predicted erosion. This had no observed major calving gather iceberg drift and
equation is dependent on SST, events. The major redson for the deterioration data to further
wave height, and period. (Calving moders poor performance with evaluate the performance of the
of growlers from an iceberg is not iceberg #1 was the increase in models.
directly modelled but is maximum length due to rollover.
dependent on wave erosion.) Before the iceberg rolled over,
The SST and wave heights the model-predicted deterioration
experienced by the three closely matched the observed
icebergs observed in 1985 were deterioration, and after it
not significantly different, stabilized on day 4, the observed

deterioration again closely
The amount of wave-induced matched the model-predicted References
erosion of an iceberg of a given deterioration.
length under the same Anderson, I. (1983);/ceberg
environmental conditions is Under operational conditions, the Deterioration Model, Appendix C
dependent on the shape of the required environmental data for of the Report of the International
iceberg and the amount of the deterioration model are Ice Patrol Service in the North
surface area exposed to wave suppled by FNOC. On their own, Atlantic. Bulletin No. 69., CG-
action. The shape of an opening, the observed errors in the wave 188-38, Intemational Ice Patrol,
large or small, In an iceberg can height data would increase the Avery Pt., Groton, CT 06340-
concentrate the wave energy on modeled deterioration rate 6096
a small area creating faster significantly. Part of this increase
erosion and subsequent calving. is, however, offset by the Anderson, I. (1984);
If an iceberg has a large exposed increased period of the bigger Oceanographic Conditions on
waterline-to-mass ratio, as did waves. (Wave height is in the Grand Banks DurVig the 1984
icebergs #2 and #3, wave erosion numerator while wave period is in International Ice Patrol Season,
with associated calving is a more the denominator of the wave Appendix B of the Report of the
effective deterioration force than erosion equation (Anderson, International Ice Patrol Service in
on an icerg(IkeIceberg #1) 1983).) During the largest error in the North Atlantic. BulletinNo.
with a relatively small exposed FNOC wave height (17 feet), the 70., CG-188-39. International Ice
waterline-to-mass ratio. deterioration rate would have Patrol, Avery Pt., Groton, CT

been increased by about 25 06340-6096.
The model-predicted percent.
deteriorations for icebergs #2 and White, F. M., M. L. Spaulding, and
#3 were less than the observed Given accurate environmental L. Gomninho (1980); Theoretical
rate over the entire obsrvation data, the Iceberg prediction Estknates of the Various
period. The instances where the model used by lIP predicts the Med aniisn Invo/ved in/cebero
observed Icebergs deteriorated deterioration reasonably well. Deterioration in the Open Ocean
much more rapidly than predicted Becaus of errors introduced by Environment, U. S. Coast Guard
by the model are correlated with our present methods of operation Research and Development
observed calving events and no (FNOC data errors and SLAR Center Report CG-D-62-80,
associated rolover or rise of the sizing errors), lIP will continue ils 126pp.
iceberg (Figure C-5). The model- conservative aproach and will
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Appendix D

An Evaluation of the International Ice
Patrol Drift Model

Model Description

D. L. Murphy Mountain (1980) describes

LT I. Anderson, USCG the details of the lIP operational
drift model; thus, only a brief

Introduction outline is presented here. The
fundamental model balance is

Since 1979, International adequate iceberg drift data, with between iceberg acceleration, air
Ice Patrol (liP) has been using an accompanying environmental and water drag, the Coriolis

iceberg drift model as an integral data, are expensive and often acceleration and a sea surface

part of its iceberg tracking difficult to obtain. Moreover, only slope term. The resulting

operations. During the season of in the last few years has differential equations are solved
navigation in the operations area using a fourth-order Runge-Kutta

maximurri iceberg threat, typically been accurate and reliable algorithm. The model is driven byMarch through August, liP
conducts aerial reconnaissance enough to permit the collection of a water current which cormbines a
of its operations area (40- 520N, good data. depth- and time-independent
390 sgeostrophic flow with a depth-
390 - 57OW) on alternate weeks. Mountain (1980) tested and time-dependent current
During the week that the liP Ice the model using the tracks of two driven by the local wind (time-Reconnaissance Detachment th oeusntetrcsftw
(RCERECDET) is deployed to large tabular icebergs, a large dependent Ekman flow).
Gander, Newfoundland (liP pinnale iceberg, and a freely-operations base), daily flights ae drifting satellite-tracked buoy. When used operationally,
copeationductedn fdie consecutive The drift durations were from 3 to the lIP drift model employs a
days, each covering only a siai 25 days. The results were quite mean geostrophic current field
portion of the liP operations area. variable, ranging from a small 9kmn based on many years of
As a result of this reconnaissance error for the 3-day drift to a hydroahic surveys (Scobie
AscresuleIPmt ofthis re lyconna e constant 90-150km drift error In and Schultz, 1976). It is on a grid
schedule,l UPmustioften rely on the 25-day ca. Athoug he of 20 minutes of latitude by 20
ltse mofel pricbrg danger durg recognizes the limitations of this rminutes of longitude, except for
limits of iceberg danger during sinai data set, he suggests that the Labrador Current, which is
reconnaissance is being the primary cause of the model defined on a more detailed grid of
conducted. Insadditon, the error is due to inaccurate inputs, 10 minutes of longitude. Wind
model drift predictions are used I.e., winds and currents. data, on a I degree of latitude by
todhelp recognpzedicebergs tate u2 degrees of longitude grid, are
to help recognize icebergs that This report describes the provided to the model every 12
either by the ICERECDET or results of four case studies In hours from the surface-wind
merchan vessels. LackCing or which the performance of the liP analysis of the U. S. Navy Fleet
ability to recognize icrg iceberg drift model was examined Numerical Oceanography Center
resighlts has the effect of inflating at four different locations (Figure (FNOC).
the numbhers of icebergs south of D-1) in the lIP operations area.48N, the traditibnal Indicator of The objectives were twofold: Finally, the model requires
the severdty of an iceberg season first, to test the accuracy of the as Input the mass and cross-

drift predictions of the operational sectional area of the drifting
lP Iceberg drlt model, and iceberg. Obviously, liP

Despite the relance that second, to investigate how the reconnalisance operations do
liP places on the accuracy of the accuracy changes when on- not permit precise measurement
drft model resub, relatively l scene measured wfind and of each detected iceberg. Often,
testing of the model has been current data are used to drive the lIP locates icebergs using the
possible, pdmariy because model side-looking aibome radar
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(SLAR) with no visual Currently, liP estimates 1983) during operational model
confirmation. Asa result, IUPcan thatthe modeldrift erroris 1Onm runs. The modifications are both
only classify icebergs Into the (-18.5km) for the first 24-hour temporary and localized in that
broad categories of growler, period and an additional 5nm they are only applicable dunng
small, medium, and large, and (-9km) for each additional 24 the period that a buoy is in that
assume characteristic mass and hours of drift, up to a maximum specific region, after which the
cross-sectional areas for each error of 30nm (-56km). The currents revert back to the mean
category. Whenvisual accuracy of this error estimate is geostrophiccurrents. Itisnotthe
confirmation is available, it is evaluated in this report. intent of the present report to
possible to distinguish between address this practice directly, but
tabular and non-tabular icebergs, In 1983 liP began using rather to compare the drift-model
resulting in somewhat different observed-current data derived accracy using two sets of input
mass and cross-sectional areas. from the trajectories of freely- data: mean geostrophic data with
Regardless of the size and shape drifting satellite-tracked buoys to FNOC wind and on-scene
of the iceberg, both the air and modiy the mean geostrophic measured data. In doing so, the
water drag coefficients are set to field (Summy and Anderson, importance of using on-scene
1.5. data becomes clear.

Figure D-1. Area of Study

NFLD ' I

45045* • GRAND BANK • ] " I

4f - IV -.

550 so" 45 40
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Figure D-2. Iceberg and TOD trajectories for Case 1 (1983)

47.
ICEBERG (A&--A)
TOD 38m(o.---.o)

Data Description

The data used in this study
were collected from 1983
throughl1985. ANlof the cases e 133/ooz
were drifts of short duration, with 13
a maxirmum drift period of 4.5
days. In all four cases, the drifting
iceberg was close to at least one
freely-drifting TIROS
Oceanographic Drifter (TOD),
from which local currents, were
determined. The TOD hull was a *l134oboz
3m sparand was fitted with a2m x
1 Om window-shade drogue at the
end of a tether. The drogue I34/bOz

depths presented here refer to
the depth of the cerder of the
drogue. The TOD's were tracked
by the NOAA/'IROS series 1l35/ooz
satellites and the data provided to 135/booz

position accuracy well within
500m (Bessis, 1981).

In three of the cases (11,111, -

and IV), a surface vessel near the
iceberg was collecting local wind 4601
data. The data for each case are 480 470
discussed separately. The
numbers In parentheses after
each date are Julian year dates,
that is, dates nunbered
sequentially from 1 January. Tetest period began at sighted with the TAD aboard on

case I l600Zonl2Mayl983(132) 21 May (141) by Mobl ONl
when a TOD, drogued at 38m, Company, Canada (Anderson,

This case consists of a 2.5- was air-deployed from a HC-1 30 1983). On this date the Iceberg
day drift of a large tabular ceerg aicaft atlcation approximately was stil classified as Worg, with
with a TIROS Arctic Drifter (TAD) I km from the Iceberg, which at estimated dimensions of
aboaird. The TAD, which Is the time was moving southward In 150=1xl10=m30m. During the
essentially a TOO with different the Labrador Current (Figure D- test period, the maximum
packaging, had been deployed 2). sepM atIn betweeni the TAD
orto the Iceberg on 27Mac (Iceberg) and the TOO was Wess
1983 (86) by lip3, in cooperaton The test period ende on than 251cm. No on-scene wind
with the U. S. Coast Guard 15 May (135) shortly before the data were available.
Researc a,'d Deeipment *Icaeer grounded for a4-day
Center (R&DC). period. The Iceberg was las
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W ICEBERG (A--)
TOD 38m (o---'=)

202A~0

. "•201At2z

199A2z°

46I30° 46- 450

Figure D-3. Iceberg and TOD trajectories for Case II (1964)

Case II Case III

was deteriorating but only on the
This case is a 4.5-day The third case Is a 3.5-day last day of drift did it fall into the

segment of an iceberg track [27 -30 April 1985(117-120)] upper part of the small range.
obtained in 1984 by USCGC track of a medium Again, hourly iceberg position
HORNBEAM. The test perod (75mx56mx1 8m) drydock iceberg (Figure D-5) and wind data (Figure
began 17 July (199) at 1300Z south of Flemish Pass obtained D-6) were collected using
when HORNBEAM deployed a by USCGC EVERGREEN. Over shipboard radar and anemometer,
TOD drogued at 38m the drift period, the target iceberg respectively.
approximately 500m from a
medium (120mx1 15mx37rm) Figure D-4. Hourly wind vectors for Case N
pinnacle iceberg In the region I
north of Flemish Cap. Although \K \ °
the iceberg was rapidlyII
deteriorating, It was In the t
medium size range (>60m) for I V
most of the drift period. Only in Ii /. Z'o
th last 24-30 hoursof driftwas it
at orslightly below the
medlumfsmall border. Hourly
iceberg positions were recorded I01
using radar ranges and bearings
andthe HORNBEAM's LORAN C
position (Figure D-3). Hourly wind
speed and direction were20
meured using the shipboard
anemometer (Figure D-4). The
maxlimum muparation between the
Iceberg and the TODw lee -. --.--.. .. / / / • /l 2/ 3

than 25kr.0a j 3

10 KTS W 84
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Two TOD's provided the cas IV Test Runs
current data. They were A 4-day drift[11-5 May Table D-1 summarizes the
deployed, one drogued at 38m 1985(121-125)1 of a small runs made during the model
and the other at 58m, 300m fromi (60m4Orrx Om) clrydoc Icbr tests. For each case, the first run
the iceberg on 27 April (117). provides the data for Case IV. As used the mean surface
Approximately halfway thrugh In Case Ill, the area of studiy was geostrophic current field from the
the drift period, both buoys were south of Flemish Pass, and lIP data base and wind data from
retrieved and redeployed CIOs" to EVERGREEN tracked the target FNOC. This set of inputs is
the iceberg to rninimize the (Figre D-7) mi obtaned th referred to as system currents
separation between the iceberg win dat (Figure D-8). Two and system winds. The remaining
and the TOD's. Upon TODYs, one drogued at 8man runs for each case differed from
redeployment, the drogue at 38m the other at 58ml, were deployed the first run only in that available
was set to Bi. The maximum on 1 May (121); they were on-scene environmental data
separation between the iceberg retrieved and redeployed at the (observed) were used to drive the
and the TOD's, which occurred iceberg on 4 May (1124). The model.
during the first part of the drift maximumn separation between theThobevdcrntperiod, was approximately 35km. icebrg; and the TO~s wa Thre obsiedrvmted creTsD

approximatey 30km. On the fast we oakdfmthTO
day of the experiment, there wa trajectories by linearly
a major calving evert that left two intefpolating to positions at
small Icebergs. At this time the OOOOZ and 1 200Z each day, and
parent (larger) Iceberg had a then calculatirig the 12-hour
maximnum waterline length of averged current. When wind
37m. data were available, 12-hour

averages were computed for use
in the model. When no observed

T"bl D-11. Mode Test Runs Summeryn wind data were available, FNOC

Run Inputs data were employed.
Case Size Number Winds Currentsr ahrute oe

I La" 1 SYS SYS ompteda predicted iceberg

LarMedu 2 SYS SY each date. The range and
If Medium 1 SYS SYS (9)bearing from the actual to the
Ill Medium 2 09S 098 pred ~icted iceberg position were

Ill Medium 2 098 098 (38mJ8m) 00ff)utedtointhesetirm~.
Ill Medium 3 095 098 (58m)
IV Small 1 SYS SYS
IV Small 2 098 098 (Sm)
IV Small 3 098 098 (Sein)

Summary of the test runs SYSagyeste, 0B8-obserewd-The numbers in
perenthieee indimat the dept of the drogue cete.
Note: The observed ourrents for fth case were a combination of dafta

from buoys droguied at different depfth: 38in for the first hall of
the period and am for the se@mid h1..
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Figure D45. Iceberg and Too trajectories for Can III

Results

Figures D-9 through D-1 2 46050'
show the magnitude of the drift
errors as a function of elapsed 120/00z
time for each of the four cases.
The I IP error estimate of 1lOnm for
the first 24-hour period and an
additional 5nm for each additional
24-hours of drift, up to a maximum
error of 3Onm, is also plotted. . 20/007

In Case I (Figure D-9), the * 12Q00OZ
system inputs result in drift errors
that increase rapidly and 119 o00Z
Persistently; after approximately
2.5 days they exceed A0nm
(-75km). The magnitude of this
error is 52Y6 of the total predicted
drift . When observed currents
drive the model, the errors are
substatilally reduced so tha they
are nearly consistent with the
currently-used liP error estimate. . 1 O
In Case 1, both the Iceber~g and
the buoy were In the southwaffi-
flowing Labrador Current with 1
typical current speeds of 0.4-0.5

118/OOZ
In Case 11(Figure D-10), the 119MOMz&

errors for the systemfsystem run
were leassthan l2nm (-22km) or
22% of the total predicted drift for
the entire 1 044,our drift period,
well below the liP error estimate.
Usin observed current and wind
data Improves the results; after ICEBERG (A-A )
104 hours the enrw i 2.5nmTOD4m 9....e
(-4.6kmn). ThedrIfttestwasTO 3m ()
conducted north of Flemish Cap 4 6 1 0  TOD 58m(O---o)

wihtypical current speeds of 0.2 46@301I
Vs, approxirnate* half that 4 W 1460
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Figure D-6. Hourly wind vectors for Case III

The Case III system/system
run (Figure D-1 1) produced errors Date
that creased persistentl,
exceeding the liP error estimate 116

after about 36 hours of drift. At
the end of the drift period, the

which is 73% of the total
predicted drift. In the early part of
the drit period (<48hrs.), the use
of the observed current and wind lie--/ ./ r hi. . . 118

data produced no improvemert in
the results; Indeed, at one point,
the results were less accurate \ \
than the system/system case. \119
This result is not surprising
because the iceberg moved \
rapidly to the north while both / I ; /
buoys remained close to the 120
deployment area. When the .z .... .................. ......... 23z

buoyswereretrievedland 10 KTS W 85
redeployed at the iceberg (-60 __

hm.), the model results cormputed
using observed data Inproved
somewhat.

Un tthanthe 58mcurrents. However, Thus, the results of this study
Using the to the data are few and the support the lIP practice of using

drive the model in Case IV (Figure difference between the results TOD drift data to modify the
D-12) made ai enormous (8n vs. 58m) is small so there is geostrophic current. The more
inmprovement in the results. The no certainly that the reversal is widespread the use of TOM's, the
systemfsystem run prodced meaningful, more we can rely on the model
enors between 30-45nm (-56- results. No attempt was made to
83km) while, for theobserved C separate the inprovements due
data, the erron were to on-scene current data and on-
eplroximately hall those values. No firm concluslons can be scene wind data because of the
For mot of the ddit Period, the drawn from this small data set, but smal amount of data. However,
currents measured at 58m there is some consistency in the Case I, for which there were no on-
provided more accurate model resulthat is worthy of note. scene wind data, showed
rsb than those measured at considerable irnemnt when
8m. At 84 houm this situation In all our cam, Lsng on- on-scene current data were used
rversed, and lte 8m data scene measured data kTwpoved in the model predictions.
produced better resub. This Is the model accuracy over the runs
an espeted result becaus u made using geosophic currents In three of the four cases
this small ioeberg deteriorated, It and FNOC winds. The accuracy (Case II excepted), the observed
motion should have been m1or impovomene was substantial in drift error was larger than the lIP
conli hthdo8moerreft two cas: Case I and Case IV. estimated errorwhen the system
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Figure D-7. Iceber aNd TOO trajectories for CamIV

45"2G

125,00a

122
12300 2zOp

123X

124,,002

ICEBERG (-4)

TODSm .. )
44dTOD 58M (O-O

winds and currents wore used. be substantially WaWe, even for Finally, the results of this
For these three case, the drift drifts of short dujration. This issue study provide some guidance on
errors were 52-73% of the total is particularly Important when an the deployment of lip operational
predicted drift; for Case lithe drft Iceberg Is being used to set the TOMs. Alhough TOD drift data
error was 2%of the total limits of Iceberg threat. directly north of Flemish Cap are
predicted drift. While It Is useful, the results of case I I
tempting to suggest that the The irrportance of showed that the model
estimated poeition erro be Inked coectin current data as close as performed within the erro
to the total length of the possible to the traced iceberg estimates using the geostrophic
predicted drift (distance along the cannw be overnIiabd currents. The T0O's deployed in
predicted path), no clear Early ifn CslIII, when the TOD's the Labrador Current (Case 1) and
guidance can be given based on and the Iceberg separated south of Flemish Pass (Cases lIII
these resuts. The knited data rapidly, there was no and IV), on the other hand,
show tha if there Is a TOO Inrwoement In the model errors provided bigge payoffs.
proving current Inlormatlon In when observed inputs were
the vicinity of a drilling Iceber eadered. Later In the drift period
the model will probably produice (after the buoys were
positons tha are within the lip3 redeployed), the model erors=
error limbs. If only geostropllic were smallerwhen the obuered
data are available, the errors can data were used.
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Figure D-9. Case I model lscleusAWN

erros 4& an ce a as WADI(--C

Figure D-10. Case 11 model 3
errors

W 20.

Figure D-1 1. Case Ill model7--
errors - - -

Figure D-12. Case IV ___ _________

model errors 20 io S 4b 5b cb

TIME Chrs)
D-9

CAE11 -0 SYS CURRENTS & WIND -4

E COBYS CUR RENTS )I WIND __-4

00
cr20

110 ~ i 90 3b 4b 5 0 'ro go 900 i~o
D-10 TIME Ors) )

4- CASE III
SY URNS&WIN D(-*

COS S~wr4 WIND p-0-o

0

D-1r Io I b 2b 3 4b 6o 0 do 8b 40
D.12 TIME Mbrs)

60 CAS77



Appendix E

An Analysis of Eddy Formation in the
Vicinity of the Grand Banks of

Newfoundland
LT F. J. Williams, USCG

D. L. Murphy

Introduction Eddy Population

The International Ice Patrol Ocean frontal analysis charts Eighty-five percent of the
conducted a study of the eddy maintained by National time at least one eddy was
population in the Weather Service (NWS) and active In the research area,
Newfoundland Basin region Naval Eastern Oceanographic and on several occasions two
based on data from the period Center (NEOC), and Canadian or more were present. During
from November 1981 to Forces METOC Center sea the 38 months of the
December 1984 to surface temperature data experiment the NWS and NEOC
investigate the importance formed the data base for the charts indicated 46 eddies in
and basiccharacterof eddy investigation. Analysts the area. The life of the
motion in the southern produce these charts from eddies ranged from two to
portion (400N - 45°N and satellite I R Imagery gathered 218 days with an average
400W -550W) of our patrol predominantly from the GOES lie span of 42 days.
area. This area (Figure E-1) and NOAA 6 and 9 satellites. Voorheis, etaL (1973),
contains the confluence of The research area is indicates an average life
three surface currents and is dominated by cloud and fog span of 30 to 120 days.
bathymetrically dominated cover and so does not always
by the Grand Banks of present ideal conditions for Ares of Formation
Newfoundland, the use of IR imagery, but these
Newfoundland Seamount charts represent the only The positions of formation of
Range and the Newfoundland complete data set displaying the posiasow in F
Ridge. eddies. An explanation of the the eddies as shown in Fgure

methodology is given in E-2 indicate that theyWilam (195) ~formed in two major areas:
Asimilar studywas Willyazes (1985). Data overthe Newfoundland Ridge
conducted by Voorheis, analyzed Include the numberNwfdand
Aagaard and Coachman in of eddies in the area, their Seanount Range. Of the 46
1973. They researched average Bfe span and size, served Reddies 124(26%)
hydrographic data collected the area of formation, were first sigted directly
during liP cruises in an generation and deterioration were fkstsiht d
attempt to establish an eddy patterns, and their moveent oer the Rle andld (74%)
population. Thepresent ihrough the area. Eddies were first sighted west of
study encompasses a larger included In the study are only the Newfoundland Ridge.
geographic area and also those in the southern portion Them areas are both
kinrduces Infrared (IR) of the area that had an IR dominated by large,
Imagery. Voorheis, eta. signature. Other eddies may relatively shallow
looked for eddies In affect the operations area, bathymetdo featres.

idaa along but are not Included. Huppe and Bryan (1976)
standard lIP traenscts. The have demonstrated that the
present skudy uses data Atlant II Seamounrs are
collectionspecicllyme o
designed to locale eddce.
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Translation Through the
Figure E-1. The research area, showing major ocean currents and Area

bathymetry Twenty-one eddies showed a

net westward drift
57V 56 55 s4 S3 S 51 5s0 49 48 47 46 45 4 43 42 41 40 39W throughouttheirlives. Only

52 .sz three displayed a net
eastward drift. The

51 S remaining 22 showed no net
drift.

49 uAIU CW 49Of the 22 showing no net
drift, 18 had a fully-

U low 48 observed rde span of fifteen
days or less and so may not

""4 have had the opportunity to
drift at all. Three were seen

46 46 in periods of heavy clouds
and so were carded in the

ts low 4 original reported position for
--0" a month and deleted from the
. NWS charts. The other four

43 Rot Caftoff .3 showing no net drift display
242 an oscillatory drift, both

east and west altemately.
41 41 This motion is also displayed

40 by many of the longer-lived
40 ,eddies that show definite

39 westward net drift. The
39 " motion may be explained by

38 38 positioning errors due to the
31 analysis of the satellite

37 data.
3601 364

57W 56 55 54 53 52 51 so 49 48 47 46 45 44 43 42 41 40 39W These same factors may have
-__influended the three eddies

that displayed a net
Generation and eastward drift. Joyce
Deterioration (1984), working in an area

bounded by 40ON - 45ON and
formation. Voorheis etal IR signatures indicate that 550W -750W (immediately to
(1973) suggest eddies in the twenty-one of the eddies the west of this study area),
Newfoundland Basin are (46%) formed from pinched- demonstrated that eddies
bathymetrically generated. off meanders, eight (17%) interacting with the Gulf
The formation of eddies in from interactions between Stream display a
this study near the currents. Seventeen eddies predominantly westward
bathymetric features support (37%) had no identifiable drift. The present study
the theory that interaction of source. ht is possible that shows similar results
the ocean currents with the the cloud cover hid the because of the 21 eddies
topography of the Seamounts meander from which the eddy showing westward drift, 12
or the Ridge Is important to formed and that by the time interacted with the North
eddy generation. Figure E-2 visibility improved, the eddy Atlantic Current (NAC) during
indicates that except for was in place and the their lie spans. Of the three
these two regions the generative process was that drifted east, one showed
remainder of the area unobserved. Seven of these no interaction with the
appears to be relatively eddy eddies were in the Seamount parent current. Interactions
free. area and ten were near the with the NAC then could not

Ridge. have caused the net eastward
drift of the eddies.
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Figure E-2. Initial reported positions of eddies in this study.
Symbols indicate the source(s) of each eddy report, numbers indicate
sequence of formation.

predominantly westward drift. 57W 56 SS S4 S3 52 Si SO 49 48 47 46 4S 44 43 42 41 40 39W

The present study shows similar 52SZ
results because of the 21 eddies
showing westward drift, 12 51 s1
interacted with the North Atlantic
Current (NAC) during their life so
spans. Of the three that drifted 4

east, one showed no interaction 49
with the parent current. 4 4,

Interactions with the NAC then
could not have caused the net 4 47

eastward drift of the eddies. 0
4646

Eddy Size 4

The eddies varied in shape U
from roughly circular to elongated
ellipses and many had irregular -3 43
circumferences. To estimate the
average size, all eddies were 42 0 42
assumed to be of circular form of
diameter equal to the average of 41
the major and minor axes. The 40 40
mean characteristics are shown in

Table E-1. 391

3836
Comparison of Eddy
Characteristics in Two
Areas 3_N 3_

The following discussion S 555453 525150494847464S4434241 4039M

centers on whether or not the
area of formation had any effect
on eddy characteristics, life span of the eddy. In general, The areas of formation

eddies in this area have a shorter shows no apparent affect on the

The duration of eddies life span than the two to three migration of the eddy through the

over the Seamounts ranged from year spans reported by Joyce area. The eddies that formed

six to 115 days with an average (1984), Richardson (1980) and over the Seamounts showed a

duration of 46 days. The same Richardson (1983) in other areas westward migration in six of

statistics for the 34 eddies formed of the Gulf Stream system. twelve eddies while five showed

nearthe Ridge show a range of no significant migration. The

two to 218 days with an average The area of the remaining eddy showed eastward

of 41 days. These figures Seamounts showed eddy activity migration. Those formed in

indicate that the area of formation 63% of the time; the Ridge, 69% conjunction with the Ridge

has no significant effect on the of the time. Both areas have topography showed westward
equal potential for eddy activity, migration in 16 of 34 eddies and 81



was cold core. Eight cold core as it does in the NAC. Research been conducted. 1his is a
eddies formed in the area of the dedicated to the generation of subject that requires further
Ridge. There are two possible eddies by the Labrador Current is investigation.
explanations for this: eitherthe necessary.
cold-core eddies form more as an fin their movement, the eddies
interaction with the NAC in the Conclusions followed the pattern predicted by
Newfoundland Ridge/Tal of the Joyce (1984) and drifted
Bank area, or they drifted For the three-year period, this predominantly to the west. This
southeast out of the Seamount study evaluated data from several was true even for those eddies
area hidden by cloud cover different sources and Identified a that showed a considerable
before they were reported. total-of 46 eddies in the research interaction with the eastward-

area. The research area was eddy flowing NAC. The most common
A much higher percentage of free only 15% of the study method of formation was pinched-
Seamount eddies had an period. This clearly indicates that off meanders. Absorption back
unidentified generation eddies are frequently in the area into the parent current by similar
mechanism. Seven out of twelve and that they are Important to the meanders was the most common
or 58% had an unknown source dynamics of the area. The eddies method of deterioration.
of origin as compared with ten out were concentrated near the
of 34 or 23% of the Ridge eddies. Newfoundland Seamount Range The area of formation had o

and the Newfoundland Ridge. apparent effect on the
Labrador Current Eddles Except for these two areas, the characteristics of the eddies.

research area showed no sign of Those formed over the
Perhaps one of the most eddy activity. This distribution Seamounts displayed features
interesting results of this study is suggests that the topography similar to those formed over the
the iocation of five cold-core features had an Influence on the Ridge. Al were of equivalent
eddies in the area north of the formation of the eddies. This size and duration.
Gulf Stream in the normal domain indicates that, at least In some
of warm-core NAC eddies. A areas, the NAC is Influenced by The study indicates that the
possible explanation for the the bottom In the Newfoundland average eddy in the southern lIP
presence of these eddies is the Basin area. operations area will be a warm
Labrador Current. No studies core eddy approximately 116 km
have been conducted on the The study also suggests that the in diameter. It will form over the
generation of eddies by this Labrador Current is capable of Seamounts or over the Ridge,
current, but Hayes and Robe generating eddies. Five cold- normally from a pinched-off
(1978) showed that the Labrador core eddies were found in an area meander, and will migrate to the
Current extends to the bottom where they could not have been west after formation. It will remain
and that the flow Is variable and generated by the NAC. on plot for about 42 days and will
quite often influenced by the Kollmeyer, oaf a. (1965) niormaly be absorbed back into
position of the NAC. If we make documented the existence of a the parent current. We can
the assumption that the bottom cold-core eddy spawned by the expect to see an eddy similar to
features may cause the Labrador Current and recognized the one described here in the
blurcatlon noted In the currents its Inportance as a cold trap for southern lIP operations area
flow, it is reasonable to assumne icebergs. However, no about 80% of the time.
the varied bathymetry can aiso systematic study of Labrador
cause meander and eddy Current cold-core eddies has yet
generation in much the same way
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Table E-1. Average Characteritics of Eddiles In
A*ud Wea

Eddy Number of Average Average
Type Obser- Size Life

vations (days)
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Appendix F

Detection of Ocean Fronts in the
Gulf Stream / Labrador Current System

by Side-Looking Airborne Radar

LTJG N. B. Thayer, USCGR
D. L. Murphy

Introduction

The Gulf Stream probably satellite infrared imagery is used approximately 3,150 km long
reaches its greatest complexity in successfully under certain (1,700 nm), covering
the region south and southeast conditions to define ocean frontal approximately 65,000 square km.
of Newfoundland where it boundaries and, thus, Infer
Interacts with complex bathymetry circulation patterns for several Since the spring of 1983, liP has
and the southward-flowing ocean areas. Unfortunately, used SLAR as the main method
Labrador Current to produce an infrared Imagery is of limited of iceberg reconnaissance,
ever-changing system of fronts, operational use in the liP area due replacing visual reconnaissance.
eddies and associated features. to persistent fog and cloud cover. SLAR is an X-band radar that
This complex current system is However, active microwave scans the sea surface in a plane
responsible, in large part, for the systems (radars) are capable of normal to the fight path. The
distribution of icebergs in much of penetrating clouds and, under radar Image is displayed on a
the Intemational Ice Patrol's (liP) the right circumstances, narrow CRT that produces a
operating area. detecting frontal features, negative Image on photographic

film (Figure F-i). The standard
The lIP iceberg drift model, an In 1985 lIP began investigating allitude for lIP reconnaissance is
Integral part of the lIP operations, the feasibility of using imagery 8,000 feet, with a SLAR swath
relies primarly on historically time- from a side-looking airomre radar width of 100 km, 50 Ian to each
averaged currents. Using these (SLAR) to map ocean fronts in the side of the aircraft with an
currents can lead to substantial lIP area. This report describes unimaged swath directly below
drift efrors, particularly in regions some of the preikninary results of the aircraft of about 5 km. SLAR
with large current fluctuations. To that investigation, is largely unaffected by weather,
address this problem, lIP uses the with only heavy precipitation
drift of satelte-tracked drift Background obscuring the view of the surface.
buoys, deployed by liP aircraft, to
provide near real-time current The International Ice Patrol Review of lip SLAR films for 1983-
data to the model. Although this deploys one week out of two to 1985, representing some 200
program is successful, the Gander, Newfoundland, during flights, has revealed that SLAR is
Updates to the current field are the Icebergs season, typicaly capable of detecting the fronts of
Imkied temporally March though August. Using the Gulf Stream and Labrador
and spatially to the period for U.S. Coast Guard HC-130 aircraft, Current, with the water masses of
which a buoy is drfting through a lIP conducts iceberg different temperatures showing
specfic region. reconniss filghl wlthin the up a different shades on the

area bounded by 40-52Morlh SLAR film negate Image, warm
Remote sensing techriques hold and 9-57Weet. water appearing dark and cooler
the most promise for roviing Recoamnassance flights are made water appearing ight. Thme
cuirentdata for futire liP each day durt the correspond to high radar
opeiraioin. For example, deployments, each flt backcater and low radar
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Figure F-3& Superlmpoeltlon of the ocean features detected by NESDIS (solid line) on 25-
28 April 1965 (see inset, Figure F-i) and features detected by liP SLAR (dashed line) on
28 April 1965, some of which are visible In Figure F-2.

badcscatter respectively. The Although the precise mechanism SI-AR and the range of incidence
imagery frequently shows very is uncertain, it is cdear gha the angles encountered in liP
sharpl delineated fronts in great difference in badcscatterlis du~e to operations, the range of ocean
detail. a difference in surface wavelengfth causing Bragg

roughness. Visual inspection of scattering is approximatley 2-30
Previous work using SI-AR and the sea surface during liP flights cm. The relationship between
satellite kr~are in the Grand has shown tha the dark and light the rough and smooth patches
Bankcs area was done by areas on the SI-AR film seen visually and the SI-AR
LaViolette (1983), using an earlier correspond closely to rough and irriagery reflects the relative
Coast Guard SI-AR and a NASA smooth areas visible under spectral enrwgy density in those
SI-AR. The eurler SI-ARs had cnF®one-0 of light wind. Also, the paiches, (La., the wave height at
loer power outputs and the SI-AR films contain many Imlages the Bragg wavelength).
images reprodu~ced by LaViolette of internal wave trains, manry of
are apparently Isis sharp and lees them closly Ukedto the Reeiils
detailed than the ones produiced bathymetry of the edge of the
by the present model, a Motorola continental shell. The alternate liP SI-AR imagery of ocean fronts
AW/APS-135 Side-14ooldng rough and smooth bards of has frequently been confirmed by
Airborne MulI-Mssion Radar internal waves detected by the h Irpretations of Advan~ed
(SI-AMMR). SEASAT SAR hae" been Very High Resoluiton Radiometry

descried hin Alpen; and Silusti (AVHRR) imagery by NOM's
The most extens~e body of work (1983) and Hughes and Gower National EnvrnmWa Satellte,
kwodng detection of ocean (1983),among others. Data and Inlormavtlon Service
features with an active microwave (NESOIS). Asirrpilled
systemn has been done with Discussions of the mechanism of Isrcjto of the NESOIS chart
SEASAT synthticapertreradar detecting ocean features in radar for26 April 1965 Is seen in Figure
(SAR) (Deal staL, 1961). Sorme inuageyusuallYinVoke Bragg F-i, with an inset showing the
f theworkdonewth SEASAT scattering (Valeriuuela, 1978; iterprese~s worksheeet for#*h

hiugery hubmincded comparison Brown, Elch and Thompeon, are outlined on tie main chart.
with satelte infae Iagery (Flu 1976), which defines a critical Figure F-2 Isa SI-AR image frorm
and Hal, 1982, 1963; Hayes, surface Wavelength for maxiniu 28 April, frorn
1981). beclasciler. For Vie X-band the area outlined In Figures F-I
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Discussion

ft is significant: that by using the makes use of the aircrfts Inertial
and F-3, showing a apparent SLAR Navigation System (INS), yielding
complex set of frontal features. terinperatureibadcscafter an accuracy of ±5 km (Thayer
The NESDIS worksheet and a relationship, the gradation of SLAR/LORAN, unpub.).
SLAR Interpretation are super- temperature from south to north Positioning on the NESDIS chart
imposed in Figure FA3 showing a is the samew for both SLAR and is done using visible known land
very close match of the features. AVHRR, i.e., a large area of warm formrs on the image, which may be

water to the south (the Gulf obscured by cloud cover, making
In comparing the two images in Stream), a narrow band of cool ft less accurate, with errors
Figure F-3, the slmrlarltles are water, aband of warm waterarid possibly as much asl15-20
apparent. The two fronts that finally a band of cool water. kilometers (personal
converge to the east, the Perhams more Important is that, comrmunication, Jennifer Clark.
transverse north-south feature to giving the good match of location, NESDIS). Given the nature of the
the west and the area of shr shape and apparent temperature NESDIS product, i.e., the large
curvature on the western part of gradients acos fronts, both area covered, more accurate
the southern front are present In SLAR and AVHRR appear to be positioning is unnecessary.
both images, but differ somewhat detecting the same features. There are othercases In which
fnsptalls tordenteatin th Tar-oe eddy The SLAR and satellite Ifrared there is considerab~le difference
flshtow onec the fial N oeSI coft imagery from 28 April and 26 in overall shape between SLAR
(oshown oft the final ofDI theail) April, respectjely, sho a good and the NESOIS product. This

rbut SLBsows an edgedtheonalm) match of the feature detected, usually occurs when the area is
btsmall- hscl (1 nm eddytioalon both In location and overall obscured by cloudis and NESOIS
smllse l front khe eddfferece shp.* The particular SLAR Is estimating the location and
btheefrnt Th d.frAA e Image sa good illutratlon fhow shap Of features based On
bewend the ESOISnworkphetatdon well the two sources can agree. i~rnalong th9at ispto several
and thaea tE~orbe d ee do Over the three yewrs of SLAR days old.
noapa rlobo~jdsinto operation at lIP3, a large nuntrof
roatiglona betw ieen tentwo anOre SLAR Images, of fromt have been In woddng with the origna
protatinbetyee the ItIIw~to, an r collected. of these, there have satellie imagery, the worksheets
fveatur durin th oern t o f dayspa been a number of case In which produced from it, and the final
fetr duigtetw a a SLAB and AVHRR do not seem NESDIS product, it becomes

bsve Iae.to agee both In location and apparent tha NESDIS Is able to
shapedobfatures. WlamsM take very complex, detalled
(1966 examines the mulch aid Imagery and produce from it
mismatich of SLAB and AVHRR remaIrkabl accurate, coherent
Imagesin eddlesandauoclated . -orMaLon The imagery
feglures hin the lIP reglon. Most oomipmd In Figure F-3 0=4lm

fre~etl te dffreceseems dwpoklinaely, 1 square
lo be one of placement rathe centimeteir on the satellie Image,
thW shap, reftlecing a from which the NESOIS
navigulionsildiscrepmnc herpretffwas able to am F! ad and
betweenfthetwo sourme. correctly wpr several

Of thetwo, SLAB offer
"thgreats posklliofldaccuracy. It



Conclusions

Each system has its own
application, capabilities and
limitations. Satelite imagery is
able to cover very large areas with
a reasonable amount of detail. It Acknowledgements
is limited by cloud cover and
offers limited navigational We wish to thank Jennifer
accuracy. SLAR, on the other Clark and her staff at NESDIS for
hand, offers a very detailed look providing satelite images and
at an area, even through cloud NESDIS worksheets.
cover, with good positioning. It
can only cover small areas
compared to a satellite and is
limited by the operational
constraints of liP, with
oceanographic applications of
secondary Importance to iceberg
reconnaissance.

Alhough the mechanism
Involved in SLAR detection of
temperature differences is not yet
clear, both systems are able to
detect the temperature gradients
across the same fronts.

For the hmnedlge future, SLAR
wil play an mpotant role in lIP
opera-ons, locng fontal
features for hydrographic
research and for planning TOD
deployments. Future research
with SLAR should be directed
toward providing realtme
quantitative Input for the liP
Iceberg drft model. Another
possible aplication of this
technology is realtime mapping
of current systems for other Coast
Guard missions such as search
and rescue and polltlon
response.
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